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Lens barrel having a linear guide mechanism 

(57) A lens barrel (10) is disclosed that includes a barrel (12) provided on an inner periphery thereof with a 
linear guide groove (12b) extending in a direction of an optical axis of the lens barrel and an annular member 
(17) arranged concentrically with the barrel The annular member is provided with a follower (17c) for : 
engaging the linear guide groove (12b) so that the annular member is guided along the optical axis without 
rotating about the optical axis relative to the barrel. A substantially plane surface (12x) is formed on ah outer 
periphery of the barrel (12), radially outwardly of the linear guide groove. 
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LENS BARREL HAVING A LINEAR GUIDE MECHANISM 



The present invention relates to a lens barrel having a 
linear guide mechanism for guiding a linear moving barrel, 
provided: in the lens barrel, along an optical axis thereof , 
Without rotating about the optical axis . : 



A conventional lens-shutter type of zoom lens camera 
having a telescoping type of zoom lens barrel, is widely 
known - / -'.'IP such a type of zoom lens camera, a zoom lens 
barrel unit is usually assembled separately from a main body 
(camera body) of the camera, before being installed in a 
housing of the camera body. The housing of the camera body 
is usually provided on an inner peripheral surface thereof 
with a female helicoid and a plurality of linear guide 
grooves intersecting the female helicoid and extending in 
the optical axis direction . with the ; camera, body, having 
such a - housing, . the zoom., lens barrel unit is. usually 
installed using the following method. Namely, the zoom lens 
barrel unit is firstly inserted into the housing from a rear 
°£ ; ' the fusing U; '■0^^^f^p\:<0g^Xk ii^licoid, fbrmed^J 
an outer peripheral surface of the outermost barrel of the 



zoom: lens barrel unit, is, brought into mesh wi th theNf <emsile 
hielicoid, formed <bn an inner periphery of the ^housing 
Thereafter, a linear guide plate, provided with a plurality 
of radial follower projections;. ; is secured: to the :•■ rear end ■;' 
of the outermost barrel , with the plural ity of f pi lower 
pr p j e c t i on s eh gag iiig witlivth^ 
grooves of the housing. 

With' such an installing method, it is necessary 
to carry out several processes to install the zoom lens 
barrel J uni t ; in . the hou s ihg p f the . camera, body , ; "^jirs^isl 
troublesome/ and increases: installation; time . 

v; : : ,; Wh^n a-iji,ensv barrel is ; des igned having a guide , groove or,;:; 
a cam groove -formed on an inner peripheral, surface thereof:, 
which, engages' with .a follower proj ec tion- provided on a 
predetermined member to giiide the same along the groove;/ sthe 
width and. depth of the groove:; which are considered to be 
sufficient to maintain "the mechanical strength : of the lens 
barrel ,• are firs tly determined before the whole dimens ion of • 
the lens -barrel r (thickness/ diameter , etc. ). is determined. 
Therefore, in general, such a. lens barrel having a guide^or 
cam groove tends to be designed as a member which is too 

• -thick;, and too" 1 large v \ 

• Axi bbject bf the. present : L^&iiqn/S^tp 1 provide 



barrel haying a 1 inear guide mechanism for guiding a 1 inear 
moving; : barrel along an: optical axis, ^ which is space- 
efficient and simplifies the process necessary for 
installing the zoom lens barrel unit in the housing of the 
camera. 

Another object of the present invention is to provide a 
^j-ie^Vb^rrei : ,haying 'a; lihear Jguide' mech^i^f o^'gulding a 
linear moving barrel along an. optical iaxii; : : which makes ;iV 

barrel . • : - 

According • 

to an aspect of the present invention, there, is provided a 
lens barrel including: an outer barrel provided on an inner 
periphery thereof with a first thread' and at least /one 
linear guide groove intersecting the . first thread, and 
extending in a direction of an optical axis of the lens 
barrel;.. . a : middle barrel • provided - .oh an' outer } periphery 
thereof with a second thread meshing wi^the first thread; 
an inner vbarrel positioned "inside the middle barrel the 
inner barrel being provided with at least one follower which 
engages with the at least one linear guide groove, so that 

; ^optical ' axis; withouf| 
rotating; about the optical axis with respect to the outer 
barrel;. and.* recess formed at a front end of each of the. at ■ 



least one linear guide groove on" the inner ^periphery of ' the 
outer Barrel, the recess haying a width di^ 
rotational movement of the at least one follower into the at 
leas t : one : iiraear guide groove during initial meshing of the 
middle : barrel: w outer barrel. With this -.struct ute/-; 

the recess is used not only • for bringing the ^middle barrel 
into mesh with the outer barrel but also; for forming part bf 
the linear guide; groove . ; ^ space-ef f icieh 

tly f biroed on a ; front ; part ; of •; the : outer: barrel , which 
contributes to the realization of a small and compact lens 
barrel. . " : " 

• Pre , the lens barrel fur ther inc ludes an annul ar 

retaining member which engage s with a front end of the outer 
barrel, after.: the middle barrel : has been engaged with the 
outer . barf el . . ' 

Preferably, the annular retaining member is provided 
with: : ^it^least one/ : engajging ptbj Action; :whi^ 
at least- one recess. . 

: v. Preferably; the at least one engaging projection has a: 
surf ace determining a. front extremity of the at least one 
linear ^^ide^ groove . 

Preferably, the at least one linear guide groove is 
defined between a first side :.surface,:and a sedond side 
r^urface^'idmed on- .theVinher; p'eriphe^ 

the first and the second- side surfaces extending in the 



> direction of the; optical axis , and wherein, the at f |a^t one 
engaging projection is provided with a linear guide surface 
which together with the first side surface linearly guides 
the at least one follower.'' 

Preferably, a distance between the first side surface 
and the second side surface is less than a distance between 
the linear guide surface and the second side surface. 

Preferably, the recess is provided with a surface 
inclined parallel to the first thread. 

Preferably, the outer barrel is formed integral with a 
stationary block provided inside a camera body. 

Preferably, the middle barrel is" movable along the 
optical axis together with the inner barrel without varying 
a distance therebetween, while the middle barrel rotates 
about the optical axis relative to the inner barrel. 

Preferably, the at least one follower is formed at a 
■ - rear.; end. of the inner barrel outwardly in a radial ^direct ion \ 
•k^ : ?he inne r barrel to engage with .the at least >ne. linear \ 
guide groove . 

Preferably, the at least one engaging projection is 
provided with an engaging claw which projects outwardly in j| 
radial direction of the annular retaining;;; member; 1 the 
engaging claw engaging with a hole formed in the recess. 

Preferably, the lens barrel fur^r includes at least 
one projection foi™ed;at;a^ 



gxiide groove, the at least one projection engaging with the 
second thread so. as to? function as ; a part of the first 
thread. - : ; Y" .>,-•- 

Preferably, the at least one follower and -the at least 
one linear guide groove are each formed to have a width 
greater than a predetermined minimum width and a height 
equal to; a predetermined- minimum heights .'. 

Preferably/ <: the '>4t : :; ;lea^t; ; ;:pne pro j ection; is J. if ormed 
•substantially .in a .middle of the at least: one linear giiide 
groove in a- circumferential -direction 

: According to another aspect of the present invention ; : 
there, is provided a lens barrel including: an outer barrel 
provided : on J an inner, periphery: thereof . with- a first thread- 
and a plurality : of linear guide grooves each ihtersectihg 
the fir st : thread: and:- extending : in • direction of :, an opt icai 
axis of the lens barrel; a middle barrel provided on an 
outer per iphery . thereof with a second thread meshing with 
the first thread r: so that the middle barrel is movable along 
the optical axis while rotating about the optical axis with 
respect to the outer barrel ; an- inner <. barirel positioned 
inside the middle, barrel and moved together with the inner 
barrel along; the optical axis, the inner barrel beihg 
provided* at: a rear end thereof with a plurality • of followers 
which r espec tiVely; -engage with; the plurality. 6f - :lineir . guide 
grooves, so that _ inner ^barrel is guided along the optical 



axis without rotating about the optical axis with respect to 
the outer barrel; } k plurality of recesses? .each formed- at a: 
front; end ; of =. a .. correspond^ the plurality:: of iiri^ar 

guide grooves on the inner, periphery, of the outer barrel, 
the plurality of recesses each having a width greater than 
the corresponding one of the plurality of linear guide 
grooves ; and an annular .retaining member for preventing- the 
middle barrel from disengaging from the outer barrel, the 
annular retaining member being provided with a plurality of 
:;ehgag^ng projec tipns '^ach ' ext^iding : the.;directidh c^tbe.^ 
optical axis ... to -iengage with ! a corresponding one. : pf : :the 
plurality of recesses', the annular retaining member being 
secured to a front end of the outer barrel; {after the middle! 
barrel has been engaged with the . outer barrel, with the 
plurality of engaging projections respectively engaged with 
the plurality of linear guide grooves. 
■%:;:/i ^$?r&ing ' : : ^^;y^y^qiAfT. : }. aspect:. ; - of 5 the {preiint • 
; invention, ';,|h^re .■ isji proviaed^ ^vlens . barrel ^ including r : : aii '[ 
outer barrel provided on an inner periphery thereof with a 
'^ v0t : .^f^-^: fiddle ^barrel provided; dh an pufcer^ peri^ryVj 
thereof with a second thread meshing with the .first thread 
of the pu te^ barrel , an inner barrel positioned inside the 
middle barrel, and provided with at least? one follower; an 
annular retaining member secured to a front end of the outer 
barrel for. preventing the middle barrel from disengaging 



from the :.outer barrel r , at least, one. linear g\xid&; grgpire 
which Extends in a direction of an optical axis of the lens 
barrel and, with at least brie iollbwWri engages, 

Wherein a par t ; ; of :-/ the at least one =>>■ linear .guide groove is 
formed on the annular retaining member and a remaining part 
of : : the at . least one linear . guide groove is . formed on an 
inner periphery of the outer barrel * 

In relation to. the latter object mentioned above, according 
to another aspect of the present invention, there is 
provided a lens barrel including: a barrel provided on an 
inner periphery thereof with a linear, guide groove extending 
in a direction : 6f ^ : op t i c al . :ax is 'of the 1 ens barrel ;.; ^ i^axi'} 
annular member arranged concentrically with the barrel , : the v: 
annular member being prbyided with a follower 
with the linear : guide : groove ■■■■so that .-: the annular member is 
guided along; the -optical: axis without rotating about the. 
optical; axis irelative to the barrel , wherein a part : of .an 
buter periphery, of the barrel which ."As located adjacent to 
the linear guide groove is formed as a plane : surface , : and 
further wherein a distance between the plane surface and the 
optical axis is shorter than a. distance between the optical 
axis and a part of the outer periphery of the barrel which 
is not formed ..as the plane surface. 

- Preferably; - k. bottom of the linear guide groove is 
formed as a plane bottom surface extending in the direction 



of the ;, optical, and perpendicular ; to , a radial . direction 

of : the barrel,: the plane surface being .formed parallel to 
the plane bottom surface . 

' Pr eferably, the lens barrel .further includes : a first 
thread formed on the inner periphery of the barrel so that 
, ^he liri|ar v .gxiide groove extehds within the 'first thread; a 
: rotational barrel posi t ioned inside the barrel and; provided. 

wit ^:>/:Wond thread which meshes with the; first thread s a 
• ■ that: ge stational barre|; is movable aibng the "optical ;ixis" 
>^ i - Le "rqtating ■ about the optical axis relative : to 2tie 
barrel; and : at least one projection formed at a bottom of 
^t]A^^M^^9^$^, the a t least one projection 
engaging wi th the second thread so as to function as a part 
of the first thread. 

Preferably, the follower and the linear. guide groove 
are each formed to have a width greater than a predetermined 
minimum width and a height equal to a predetermined minimum 

height . 

Prefer ^ ly ' the ... at , least one projection is formed.;;, 
substantially in a middli of Jthe" linear guide groove in a 
circumferential direction of the barrel . 

According to yet another aspect of . the present 
invention, there is provided a lens .barrel including: - an 
outer barrel provided on an inner periphery thereof with a 
f irs t ^read and a linear guide groove intersecting the 



■ : "'\ z . ' """"" : ' '■ : V" * 10 --V b^^^v "fev. 

.first ; thread'- a : : direct ion of an • opt i<jal -^bci si 

of ;.• ■.; the': : .lens :; : ;3ba^r el ; :ya,'.;^iddie ; barrel ; p on a^ : t er' 

periphery thereof with a second thread meshing with the 
first thread; an inner barrel positioned inside the middle 
barrel and provided with a follower which engages with the 
linear guide groove to be guided along the linear . guide 
groove , the middle barrel being movable along the optical 
axis together with the inner barrel without varying a 
distance between, the middle; and the inner barrels while the 
middle barrel rotates about the optical axis relative to the 
inner - baxrel;. {arid at least one • pro jec tipn ; formed : at k ^ttqm 
of the linear guide groove , the at least one pro j ectxori 
•engaging with the second thread so as to function as.La part 
of -the first thread i 

According to y6t ; another : , a s p e c t o if the : .prese n t 
invention, there is provided a lens barrel including: a 
barrel provided on an inner i periphery thereof with a 
plurality Of .linear guide grooves; each extending in in- 
direction of an r optical axis of the . lens barrel.; and an 
annular member arranged concentrically with :: the barrel, the 
annular member being provided with a plurality of followers 
which respectively engage with the plurality of -linear guide 
grooves so that the annular, member is guided along the 
optical axis without rotating about the optical axis 
relative. to ' the barrel; ywherein a part of the barrel where 



one of the plurality of linear guide grooves is -formed has ai 
thiekness thinner than any other parts of the barrel' wh^re 
the : . r^st ^.of the , • plur kl i ty: : : ;bf '' .linear! : : ! guide^ g^oyes:;| : ^e : 
formed.--. 

An example of the present invention will now 

be described beloW; ' in • ; wi th ; 

reference, to the accompanying drawings in which similar 
;;i^^ated; ^'.sim^a^ ref erenV^/:.:n\im^ral6 •^ and : 
:; 'v^0i:ein: r.- • ■ v -; ,^ 

Fi^re; "i..;is a schematic perspective view ; 6 f ; ; a , f ixe^d 
lens barrel block and a zoom lens barrel unit provided in a 
zoom lens camera,; illustrating a state before. -the zoom len^ 
barrel unit is installed in the fixed lens barrel block ; 

; .Figure 2 is : .a "schematic ^perspective viewi of the . fixed 
lens barrel block, { ' the zoom lens barrel unit and an annular 
fixing member; illustrating : a' state after [ the zoom lens 
barrel unit is installed in the fixed "lens barrel block; . .. 

Figure 3 is a schematic perspective view of the fixed 
lens barrel block shown in Figure 1 or 2 ; 

Figure 4 is an enlarged schematic perspective view of a 
third ^ving^ 

F f.^i.^ P-:£Pl a ^ L -., enlargred /schematic-- perspective., y ieW o i 
the annuiar- fiiaing:* member fshown in Figjiuxe 2;.- *..v 

Figure 6 is a schematic developed view, of a part of the 
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fixed .-lens- •.. barrel ^bloc^. ; shown in Figure l, 2 or 3 
^;£ i ^ t fti^||; : ;iinear guide mechanism of the zoom ■ lens 
.barrel-, unit; 

Figure 7 is a schematic developed view of the part of 
the fixed lens barrel block shown in Figure 6 and a part of 
thS f ix ^g member engaged With the fixed lens barrel 

block, illustrating the linear guide mechanism in a 
different state from that shown in Figure 6 ; 

Figure 8 is an {.enlarged -view ;o f a part; ; of the view 
shown, in Figure 7; ■' 

1 . Fi ^ e 9 is an. enlarged schematic perspective view 
showing a part of a zoom lens barrel; •. 

Figure 10 ; is schematic perspective view showing the 
part of the zoom .lens barrel shown in Figure 9 in an engagelf 
s tate ;, . 

Figure : 11 i S: a schematic perspective view illustrating 
a state where ^ AF/AE .shutter unit , of the zoom lens barrel 
is mounted to a first moving barrel; - 

Figure, 12 ,is an. enlarged exploded, perspective view of a 

part of the zoom lens barrel; 

Figure 13 is an exploded perspective view illustrating 
main P arts ; . of the AF/AE shutter unit of Jthe zoom lens barrel 5 
shown in Figure 9, 10, 11 or 12; •.- 

; ^Figure ;14. ; i^a^ ; e nLa^g|d ; Schematic; perspective' y&l$f Si 
the third moving barrel; shown in Figure 4 shown from a\ 



different angle; 

Figure 15 is an enlarged perspective view of a linear 
guide barrel of the zoom lens barrel ; 

F±gUre 16 is a front elevational view of the fixed lens 
.barrel block shown in Figure 3 with' other members installed 
' ; in . the . fixed lens . barrel block ; '■ 

Figure 17 is a sectional view of an upper part of the 
zoom le^ b^rei; in ; a ;ma 3 dmum extended state; 

,| yFigure 18 is a sectional view of an upper part of the 
.zo.oi^lens'. ^barrel,; ^inUstr^tihg - fflain elements in a 

. .Figure 19 is a sectional viewi of the ; upper .part "of ' 
zoom lens barrel shown in Figure 18 in the maximum extended 



state";' 



Figure 20 is a sectional view of an upper pari 4f . the 
zoom lens barrel in the housed state; 

Figure 21 ^s an exploded perspective view of the 
|6verall structure of the/ zoom lens' barrel; 

Figure 22 is a block > diagram of a controlling system 
.for controlling an operatioi of the zoom ifens barrel; 

Figure 23 is a rear elevational view of the fixed lens 
barrel block and some ' other members installed in the fixed 
lens barrel block; shown in Figure 16; 

Figure 24 is a sectional view nf =r. „^ 

view or an upper, part, of the. ; 

zoom lens barrel; 
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■ , : Figure 25 .Is , a ; sectional; view |§| '.fixed • lens, barrel 
^^P^^^.^ 17 ,^howini the- itate of 
engagement of engaging projections and linear guide grooves; ' 

1111^3 3 Plan - VieW I a .. part °f . a; cylindrical. 
:.: Portion formed integral with the fixed : lens barrel : block; | ■/ 

Figure 27 is a diagram illustrating the difference if 
thickness of the cylindrical portion between a part of the 
cylindrical portion where one linear guide groove is formed 
and another part of the cylindrical portion where anothf/ 
guide groove, having a wider width, is formed; 

Figure 28 is an enlarged sectional view of an engaging 
projection and a linear guide groove with which the engaging 
projection engages; 

Figure 29 is a sectional view of the fixed lens barrel 
block and a wall forming a film chamber of the zoom lens 



caitiera; 



Figure 30 is a sectional view of an upper part of a 
lens supporting barrel which supports a front lens group' 
therein, and. a. lens fixing. ring which. | to be screw^engaged 
with the lens supporting barrel; 

Figure 31 is an enlarged perspective view of the lens 
supporting barrel shown in Figure, 30; and 

Figure 32 is an. enlarged sectional view' of 1 a part of, 
: .^* e lefls f^ihg ^ing^-showh- in : 
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e „ is . schMatic representation 

^ ^ pre _ invention - 

,,:y;des= rlb ea " ith « to rigure 22 . X:?#|&U;$f| 

The --on lens camera is provided with a , 
barrel (zoo* lens) i 0 C f a Vk 

„ V three-stage delivery type 

(telescopy type) Wing ^ ^ ing ^ 

' : • • ■ ¥ ^rre-Ls, namely a 

; ; iirst moving barrel ?n • : - : \: : :-'v " . .. -^ : > j.';:.. ; -v-r 

1 2 °- a sec ond »°ving barrel 19 .,„„ 
third aovin, barrel 16, Which „ * 
- ! I ia ;; ' "> X "* concentrically arr«ged in 

or er f rom cpcica! „ 

-em. ; amelya frontlens ^ ^ 

; «? a rear lens group L2having negative power. ! Wwfil 

lis Cane " - *ole optical unit drivino 

controller 60. a rear len, 9 """^ 

': " " ^ ; 9r ° UP -tor controller 

«■ ™ operating device 6, a £ocus operating device 63 
^ oblect distance measuring apparatus 6,. 
^apparatus 65. and an AE (i e „„ f . ^ ^ n9 

controller 66 are o •„ -tor 

r 66. are provided. Although the specific tk • 
system of the object disr.n " * Pccrfxc focusrng 

is used-t"^ o'«-ce measuring apparatus 64, which 

. — *^~ti« regarding the ob.ect-to 

camera distance, doas not rormpart of th^ 
mention, one such suitabl, ^ """" 

; -.table system is disclosed in commonly ' 
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assigned U.K. Patent Application No. 2298331, filed on 
^February. 22, 19?©, and published 6ri 28 August 1996, / 

Although the 

.; fOCU ^ in9 * yst ^ s ;: disclosed in- U.K. Patent Application No. 
2298331 are of the so-called "passive" type, other known 
autofocus systems (e.g., active range finding systems such 

; as ;tho^e ; bas^c3 6n ? irif rared , 1 igh t and: • triangulation ) may .{be ' 
used; Similarly, a photpmeterihg system as disclosed "in?, the 

; ^ve-not^d -^/^ 9 S3 3 i^ j^^^- J^ 

implemented as photometering apparatus 65. ■ 

;; • : 62 can be provided in the 

form of; • for example, a manually-operable' zoom " operating " 
lever (not shown) provided on the camera body or a pair of 
zoom buttons, e.g., a "wide" zoom button and a "tele" zoom 
but tori, (not shown) provided on the earner a body* When the 
zoom j^eratiiig device £2 is operated, the whole dptical unit;' 

^^^^i^otqr ; : '. : ;;cpp trgjLleri, 60 ^^k^-^-^dl^ .^pp tibal xirxi t'.i 
driving motor 25 to move the front lens group Ll and the 
rear lens group L2 , ... rearwardly or forwardly without- regard - 
to a focal length and a focal point thereof, . In the. 
following explanation, forward and rearward movements of the 
lens groups Ll . aiid L2 by ; the whole ^optical unit i driving! 

emptor-" QQi^^lie^ep- (the- : ni6tor 2$) are re^rir^ :: -^'-a^ 
^PY^en-t j; iowakd- u >el^. .and : the movement tpward "wide* 

. Respectively, . ^ince : f pi^ard; and rearward movements of the , 
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lens groups LI and L2 occur when the zoom operating device 

■ 62 is operated to "tele- and; -wide*: positions : f ;V i 

■/■ ■ -; The image magnification of the visual field of a zoom 

■ . finder- 67 provided in the camera body varies in sequence 

with the variation of the focal length through;|i||g||| 
of the zoom operating device 62. Therefore, the 
Photographer can perceive the variation of the focal length 
, by observing the variation of ; image x^gnification of thW 
visual field pf the finder.,; In addition, the f ocal . iength; 
set by the operation of the zoom operating device 62, may be 
Perceived by a value indicated on an LCD (liquid crystal 
display) panel (not shown) or the like. 

When the focus operating device 63 is operated, the 
whole optical unit driving motor controller 60 drives the 
whole. optical .unit driving motor 25. At the same time the 
rear lens group driving motor controller 61 drives ; a .. rear 
lens group driving motor 30. Due to the driving pfj-he 
whole optical unit driving motor controller 60 and the rear 
lens group driving motor controller 61, the front and rear,- 
lens groups Ll.and; L2 are moved* to respective positions, 
corresponding to a set focal length and a detected object V 
distance and thereby the zoom lens is focused on the 

' ., Specifically, the focus operating device 63 is provided 
with a release button (not shown) provided on :an upper wall 
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of the camera body. A photometer ing swi tch and a release 
switch (bo th riot: s ho wn ) . are synchr orii z e d with- th^:?: release •: 
button. When ^ the release button is half -depiressfed (half 
step) , the focus operating device 63 causes the 
pho tome tering switch to.:- be; H turned : ;ONv : ; . and ;the objec t 
dik tahde :meaisu 

rfespee tiyely iii^ut : to the \ object <dis tahce m^a¥u¥ing 
'apparatus 64 and the pliotometering apparatus ■ 65^:.\}^^ 

-...;.•'<: When the release; 7 button is ; : fully depressed ::|fuil :: .stiepi :; ^" 
the focus operating device -63 causes the release switch t 6 
be turned ON, and according to the result: of obj ect distance 
measuring demand and a set: focal : length,.: the who 1 e bp t i c al • 
unit driving motor 25 and the rear lens; group : driving 
3 0 are driven;: ; and the focusing operation /in which the 
front lens group LI ; and the rear lehs ; group : ^ I 
focusing* : position, • :-is ; executed ^ .oFu^ 

an::A>:AF/iffi:\^^^r- ev ^- zautafpcus:/ autoexposiire ) ; shutter uni t • 
(electrical unit) .21 (Figure 20) is driven via the AE motor 
controller 66 to actuate a shutter 27 . During the shutter 
action, the AE motor controller 66 drivels the AE motor ; 29; to 
open shutter blades 27a of the shutter 27 for a specified 
period of time according to the photometer ing information 
output from-; the photometering apparatus 65. 

When the zoom operating device .62 is Operated, the zoom, 
operating device 62 drives the whole : optical unit driving 
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motor 25 to move the front and rear lens groups LI and L2 
y together; as a whole in the direction of the optical axis .6 
(optical axis direction). Simultaneous with such a 

mOVement .' , the rear . lens group living motor 3 0 may also be 
I driven .^ia the., rear .lens group; driving motor ^controller ..'61 . 

to move : the rear lens group L2 relative to - the front lens' 

gr pvip :,: ,•; ;• .?°Kf Ver , , tni s ;/is;. not performed • under the 

conventional concept of zooming in which the focal length is 
; >yaried ; s^ehtially, wi^h^ the position of the focal 

point. When the zoom operating device 62 is operated; the 

following bra modes are available, namely: 

':S-, : a m0de t T° : inOVe < the front lens group Ll and the ; rear 

lens group L2 in the optical axis direction without varying 
the distance therebetween by driving only the whole optical 
unit driving motor 25; and, 

2. a mode to move the front lens group Ll and the rear 
lens group L2 in the optical axis direction while varying 
;;: the. distance therebetween by driving both the whole optical^ 
omit drivmg motor 25 and the rear lens group; living motor'- 

30. ; ■ ;'"''.■ ; \ ■ , .", ' . • - V v - . ■.■ 

tn mode 1, during a zooming operation an in-focust 
condition cannot be obtained at all times with respect {to^M 
subject ; Ideated at a specif W distance . However, this ■ is 
n0t a Problem in a lens-shutter type; camera, : sinc : e .. the image } 
° f : the _ SU ^P ^ not observed through the photographing 



pptical^systsm, but through the finder optical system that 
is : provided separate from: the photographing optical system, 
and it.is sufficient to only be focused When the -shutter is 
released. In mode 2, during a zooming operation, the front 
lens group LI and the rear lens group L2 are moved without: 
regard to whether the focal point moves, and when the 
shutter is released, the focusing operation (focus adjusting 
operation) is carried out by moving both the whole ; optical 

/unit driving motor 25 and the rear lens group driving motor 
30. . : . ■;■ V/:./ ; " : : ' //'/ : -.'- [.:<:' '^// ; ". \ '" : ^^>:^- 

focus operating device 63 is' operated :. : ;ih---a'j: :i 
leas t .•one part ; of the: focal, length range. ; set by the / zoom " 

^operating device 62, the whole optical unit driving motor 25 

'': and : the : .rear- lens /group ..driving motor 30: . are ^Xv^:t6-;hr±tig-. 
the - subject into, focus . The amount of ; movement of each/ lens; 

.group LI: or : L2 by the whole, optical unit driving motor 25 • 
and. the rear -lens group driving motor 3 0 : is determined riot 
only using subject distance information provided from the 
object distance measuring apparatus 64, : but also by using 
focal length information set by the zoom operating device 
62 In such a manner, when the focus operating device 63 is 
operated, by moving both, the whole optical uni t driving 
mqtor 25 and : the rear lens group driving motor, 30;, the 

•position - of j '/t-he/-_ lens "/groups L»i, : . L^./can./ be, f lexibiy 
controlled^ as compared . with .lens movements /controlled by 
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cam. 



The zoom lens camera of this embodiment can also be 

"controlled/?^ manner such that , during an 

operation of the zoom ; operating device 62 ', only the 
magnification of the zoom finder 67 and the focal length 
information are varied without driving either the whole 
optical unit driving motor 25 or the rear, lens group- driving 

■ ; motot 30 • When the focus operating device 63 is operated, 
both the whole optical unit driving motor 25 and the rear 

• lens group driving motor 30; are : rnoved simultaneously 
according to ' : the focal length information and 'the^ subject ; 
distance information bbtained by the object "distance 
measuring apparatus 64 to move the front lens group : LI and 
the rear, lens group L2 to respective positions determined 

: according, to; the focai.. length, and the subject distance 
information, v 

An embodiment of the zoom lens barrel according to the 
:'.aboye. concept; will ; now be.vdescrib'ed-^wi t^h . ref erence' tdima^iniy : ■ 
...Figures 21. and .22 

The overall structure of the zoom lens barrel 10 will 
firstly be described. 

.... • $^^.0?™::. jei- ; v lQ-. r .i-s- : . proyided j. wi th , the>: f ir s fe J 
moving barrel 20, the second moving barrel 19. the* third 
moving barrel 16, and a fixed lens barrel block 12. The 
third moving barrel 16 is engaged with a cylindrical portion 



12p of the fixed lens barrel block 12, and moves in the 
optical axis direction upon being rotated. ; Thi third moving 
barrel 16 is provided on an inner periphery thereof with a 
linear guide barrel 17, which is restricted in rotation. 
The linear guide barrel 17 and the third moving barrel 16 
move together as a whole in the optical axis direction, with 
i third \mpY±hg^h^rei^$; rotating relative to th^-- ^-linear 
guide barrel 17, The first moving barrel 20 moves ih the 
optical axis direction with rota t i on t he r e 6 f being 
restricted. The second moving barrel 19 moves in the 
bptical axis ; direction^ while rotating relativ^j ; to; " ther- 
'linear guide barrel ' 17 - 'arid the first moving barrel ^20 . ^''•'••The- 
whole optical \ uni t driving motor 2 5 i s secured to.' the -fixed 
I lens barrel block 12 . : . A shutter mounting stage 4 0V is 
•secured : t-p ; ;:the ::f irs.t . moving . barrel: 20 . . . The : AE: jh6to± : 5 : 2 9 •• arid ; 
the rear lens ; group driving motor . 3 0 are. mounted on the 
shutter mounting stage 40: The front ieris' gr 6u|> ill -*anU the 
rear lens group L2 are respectively supported by. a lens 
supporting, barrel ■ ( lens -supporting annular member ) 34 and a 
lens supporting barrel 50. 

An O-ring 70, made of a rubber or the like,; is 
positioned between an outer peripheral circumf ereritial 
:,surf ace - of : :the;:;lens : suppoirting barrel; 34 /./iri;. : ^e^i6ini^ : ^f^ 
the f roht jerid: thereof; ;;and a^n ; .iiirier, piriph^ral 
circumf erential -surface of an. -inner f iahgd -""por-tibn! 26t> 
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formed integral with the first moving barrel 20 in the 
vicinity of the front ^nd thereof as shpw^ . in F ig^ e 20. 
The O-ring 70 prevents water from penetrating the zoom lens 
barrel 10 at the front end thereof between the first moving 
barrel 2 0 and the lens supporting barrel 34; 

As shown in Figure 30, the, front lens group LI consists 
of five lenses, namely, a first lens ^^^i^y\^p K : 
second lens Lib,, a third lens Lie, a^ fourth . lens Lid and a 
fifth leras Lle in this order from an object side to an image 
side, i.e.. from the left hand side to the right hand side 
• as viewed in Figure :30. ■.: 

A front positioning ring 36 for determining a distance 
between the second lens : Lib and the third lens Lie is 
positioned and held between the second lens Lib and the 
third lens Lie. An outer peripheral surface of th|| 
Positioning 36 is fitted on an inner peripheral surface 
of the lens supporting barrel 34. Likewise, a rear 
.positioning ring 7 37 /for determining -.a distance between 
J third- : lens.;Llp and - the fourth ,lens Lid is positioned and 
.held between the third ien^Lic; and. the fourth lens Lid. An 
outer peripheral surface of the positioning ring. 37 is 
fitted on an inner peripheral surface of the lens supporting 
barrel 34. The rear surface of s the fourth lens Lid. and. the. 
front surface of the fifth lens Lie are cemented to each , 
other, so that the fourth and fifth lenses; Lid, Lie are > 



formed as a cemented or composite lens •• a front 
circumferential edge Llf \. of the : second lens Lib '.along the 
circumf ereiifciail edge thereof contacts :the reir surface: of 
the ; firs t . lens Lla . '* A rear circumf erential edge. Llg of : : the 
fifth lens Lie .. along the circumferential edge thereof 
contacts: an inwardly-proj ec ting flange 34b formed integral 
with the rear end of . the lens: supporting barrel 34. 

A female thread 34a is formed on an inner periphery of 
a front part of the lens supporting, barrel 34, as shown in 
Figure 3 0 or 31 • A lens fixing ring 72, for fixing the 
first lens Lla to the lens supporting barrel 34, engages 
with the lens supporting barrel 34 . With this arrangement , a 
male /thread :72a, f ormed : on the outer .peripheral • -surf ace of 
the lens fixing ring 72 meshes with the female thread 34a.; 
A< circuit is formed on the; leiis fixing 

ring 12 on an inner peripheral surface thereof _ .The 
c ircu la^ • surface * : .72b •:comes ^ : intpx-contaG t:. With '-^a: 

circumferential portion f p. of the front surface of the first 
lens Lla .in a state; when the lens fixing ring 72 is properly 
screw^engaged with the lens supporting barrel 34 . The 
circular abutting surface 72b is formed to be substantially 
parallel to the circumferential portion fp so that [ the 
^circular: abutting, surface ' .72b "and the circumf er^htial 
portion f^ : may ^be; : brought tightly - into contact With , each 
other : when the ,l ens "fixing - ring 1% .... is. properly screw^^iga^ed 



with the lens supporting barrel 34. 

.-" " /• A supporting ring port ion 34 c is formed integral* with 
the lens;: su^orting - barrel : 34 . The . supporting ring portion 
34c is located inwardly from the female thread 34a .in a 
radial direction: of the lens supporting barrel 34 . The inner 
.. peripheral surface of the., supporting ring portion 34c, which 
extends in the optical; axis direction, comes into contact 
with an outer circumferential edge or surface pp; of the 
^ ir ? t : lenS L H ■ ■ : ' annular positioning ; ; surface ■ ; 3.4d,M 
extending substantially normal to the optical axis; 0, is 
formed on the lens supporting barrel 34 immediately behind 
the supporting ring portion 34c. The circumferential edge 
of the rear surface of the first lens Lla comes into contact 
with the positioning surface 34d. With this structure , the 
. first; IftnsJ ^la ; .is^: immovably. ; held between the circular 

° P 5^ Cal ;^ i dir#ction >; ^d;the; firsts lens' Lla isAimmoVabl^- 
held by the supporting ring portion 34c in '.a radial 
direction normal: to the optical axis 0. . . , 

\ ,: As : : 5 hown :Fig\ire 1.32.'; ::a • 
circular abutting surface 72b. - The coating. 72e X$-& 
waterproof coating made of a synthetic resin. .-.: in the 
present embodiment, "Fantas Coat SF-6 (trademark q#va 
coating produced by the Japanese Company -Origin Denki 
Kabushiki Kaisha- ) " is used as the coating 72e. The front 



surface of the first lens Lla is formed very smooth, whereas 
the circular abutting surface 72b of the lens fixing ring 72 
is : npt f oonried as; : smoothly ( i.e has a xbugh finish) , as ; ill^ 
front surface of the first lens Lla. This is* because the 
first;; lens ; iLla is iribre minu t :e ly and - accurately ; f orriied . t h an 
the lens fixing ring 72 since the first lens Lla is a 
precision optical element ; Due to this fact," Were it." not 
for ^e- coating 72e on the citcu surface 72b f a 

substantial gap would be formed between the circular 
abutting surf ace 72b and the circumferential portion fp even 
i f the c ir cul ar abu 1 t ing : surface 72b properly -arid ti^ht lj£ ; -in 
.contact .with the. circumferential: portion f p ; by / properly, 
screw-engaging the lens fixing : ring 72 with the female 
thread 34a. \As a result, water or mo i sture would be able to 
penetrate;.; into ;'the : lens; supporting:^ barrel . . 3 4 • through : the: 
substantial gap- However, in i the present embodiment;; th^s; 
coating 72 e is applied to the circular; ; abutting surface: ^ 
so as to make the surf ace thereof -a smooth surface which 
does not . xaus e.^tp-^-fiorin. : such.- a s ubs t aln ti al - iv gap vbe tween : , t h e 
circular CV the{: c 

portion fp when the circular abutting surface 72b. properly, 
contacts the circumferential portion fp. Accordingly, the 
•opat ing r : 7;.2eV: . PP.si tiohedr:and. - held:; .between .' . the.: -t i^cular ; 
abutting . : surf ace . 7 2b and the circiimf er^ntial .portion £pi : 
effectively prjev'^ts. Water pir mpistyre :fr6m- p^etrating>k 
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lens supporting barrel 34 between the circular abutting 
surface 72b and the .circumferential portion fp under the 
condition that the circular abutting surface 72b is properly' 

and ... ti9htly ... in . COntaCt . With the circ ^ferential portion fp 
by properly screw-engaging the lens fixing ring 72 with the 
female thread 34a. 

■ ' :■' IP^^fe # f *« . 7?cv is? formed'- on^ thej lens! fixing; . 
ring 72. The circular surface 72c is connected to tile 
circular abutting surface 72b and is located immediately 3 
.outward in a radial direction from the circular abutting 
-surface 72b. \ A front part of the outer -circumferential 
surface op of the first lens Lla (i.e., a circumferential 
edge ; of the first lens Lla) comes into contact with the 
circular surface 72c when the lens fixing ring: 72 properly • 
engages with the female thread 34a. Due to the circular 
surface 72c contacting the outer circumferential surface op, 
the watertight structure between the circular abutting 
surface 72b and the. . circumferential portion; fp, that is. 
.realized by .the. coating ..72e,. is enhanced. That is, a highly 
efficient watertight connection between the first lens Lla 
and the lens fixing .ring, 72 is; realized by providing both 
the coating 72e and the circular surface 72c with the dens > 
;f ixiiig ; r ing ; 7 2 % ; \ 

An annular recessed portion 3 4e is formed on the lens/ 
supporting barrel 34 between the female thread 34a and the } 
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supporting: ring portion 34c ; As -•: shown In Figure 20 , in a 
state where the lens fixing ring 72 ; is properly ^crew- 
engaged with the female thread. 3 4a v a rear end 72 d of the 
lens f ixing ring 72; ; is. positioned ;;in the annular recessed - 
portion ;34e ' with :the :.rear ; >end ^72d :: not : : :conta 

: li:.&7?&xe&±*&st: ./end ) ; v;of : .the recessed portion .'■ 34e , ' : jacfe^;*<fa? 
annular space is formed : in the annular recessed pprtion 3 4e; 
between the rear end 72d and the bottom of the recessed 
portion; 34e.^ 

The! f ixed lens barrel : bl ock 1 2 ; is ; f ixed in front i of an 
aperture '.- pi a t e 14 fixed t p; the c airie r a Bp cty . The .-aperture- 
plate .14 is prdyided.xon a center thereof with a: rectangular-- 
shaped aperture 14a; which forms the, limits; of each f r ame 
expos ed. The rf ixed ; lens barrel block 12 is; provided; ; on an: 
inner periphery pf J:V;t.he : - qylindr iqal" --poritipn; ; 12p f. '"wiibh' : ;: a^ 
female helicpid ' 12a/:' and als^^ guide 
<gropves^l2b : each extend.ing parallel vt^v-the^ppt ical'- :a»ii<s 0> 
xi . e:. / 'extending;. . iiv ; axis , direction.. -^-v-At-"- -the- 
bottom of one of the linear guide grooves 12b, namely 12b 1 
a code plate 13a, having a predetermined code pattern, is 
fixed. The code plate 13a extends in the optical axis 
direction and extends along substantially the whole of the 
length of the fixed lens barrel block 12. The code, plate 
13a. is part of a . flexible printed circuit board 13 
positioned outside the fixed lens barrel block . 12 □ 
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In the fixed lens barrel block 12, a gear housing 12c, 
which is recessed outwardly from an inner periphery of . the 
cylindrical portion 12p of the fixed lens barrel block 12 in 
a radial ' direction while extending in the optical axis 
direction* is provided, as shown in Figure 1, 3/ ; 16 or 21 
In Jhe .gear- housing 12c, a driving pinion 15, extending in 
the optical axis direction, is rotatably held. Both ends of 
;an . a * ial ? ha 5 t ; 7 ; the .;drivihg pinion 15 are rotatlvel^ 
supported by a : : supporting : .hollow 4, V provided in ; the- fixed 
lens barrel block 12, and a supporting hollow 31a, provided 
on a gear supporting plate 31 fixed on the fixed lens barrel. 
block 12 set; screws (n P t shown) , ' respec t iyely / • ipar t'^of ' 
the teeth of the driving pinion 15 project inwardly from the 
inner periphery of the cylindrical portion 12p of the fixed 
lens barrel block 12 so that the driving pinion 15 meshes 
; : Wit ^ *ji outer Peripheral , gear 16b of the third, moving barrel 
16, as shown in Figure 16. 

. The fixed lens barre^L block 12 is provided on one side 
thereof, (the left side as, viewed in Figure 1) With a: 
supporting member 321 formed integral therewith. t% whole > 
#tical unit driving motor 25 is secured to the rear of the 
supporting ^member ,32 ..A: Sfear/ train .^6 .consisting "of ^a ; 
plurality of gears, is accommodated to be supported in the 
supporting member 32 on the front thereof . The fixed lens 
barrel block 12. is further provided on the other side 



; thereof :( opposite to ; the;. side ; having •. the supporting member 1 - 
32 ) with a stationary ..plate 12m f ormed integral therewith A 
A plurality of projections 12n are integrally formed on the 
front of . the stationary Opiate- 'l^ 

object side in the optical axis direction.: The fixed lens 
barrel; block 12 : /.is further provided, ; between the stationary 
; P.la.te 12tti '^d'v't he • ' Jcyl indr i b a 1 ■ ; ppr t'i 6n ; v,l 2 p - wi tfc £a • ciit^ut • • 
portion : ; 12.k :: extending . in : the optical .-axis direction . : The. 
cutout; portion ;. 12k : : is ponied..-, t>y : > putting, ^out ::• : ^^^rt';>p^the' ; 
cylindrical portion 12 p. .One end of a flexible printed 
circuit board 6 • is fixed, and supported : on the; front of the 
stationary plate ;12m by ' the : pro jec tions } ±2 n J ■: with 
intermediate .part : p printed circuit :boatd''^6 : :- 

being laid along the cutout portion 12k. The other- end of 
the ■ flexible; printed 'circuit. ' board is . "s'edure^- td- the': .AF/ AE "'. 
shutter unit 21, as shown in Figure 11. 

On an ^^^petiijp^ 
plurality, of linear guide grooves 16c each extending; 
parallel to the optical axis 0 , are . formed At ah .= but er! 
•periphery , of the rear ;;end;of the; third moving barrel 1 6 , a 
male hell cold; 16a and the aforementioned outer peripheral 
gear , : 16b are provided as , shown in Figure . 14 v.; The^male... 
helicoid 16a engages with the female helicoid 12a, of the. 
fixed lens barrel block 12 . The outer peripheral gear 16b 
engages with \ the : : driving piniori 15 v '.-^The driving, pinion . i 5f5 



has an axial length sufficient to be capable of engaging 
, with the . outer peripheral gear 16b throughout 'the entire! 
range of movement of the third moving barrel 16 in the 
optical axis direction. 

As .shown in: Figure . 15, the: linear 1 guide, barrel 17 is 

:V P ^^ d ' t^:?^ ^ [ tfeer^bf , , with' 

a rear, end flange 17d, . The rear end flange 17d has a 
plurality of engaging projections 17c each projecting away 
from. the optical axis O in. a radial direction. The linear 
-guide : ; %rel 17 is father provided, in\f ront of "thelr^': 
.end flange 17d, with, a .retaining, flange lie., .A 
circumferential groove 17g ' is " formed between, the rear ' end 
.; flange , ; 17d and the retaining flange 17e. The retaining 
flange 17e : has a radius smaller, than the r^ar end flange . 
17d. The retaining flange 17e is provided with a plurality 
of cutout portions 17f. Each of the cutout portions 17f 
allows a corresponding engaging projection l6d to be 
inserted into the circumf erential .-groove 17g, as shown in [ 
Figure 20 : ; 

The third moving barrel 16 is provided, on an inner 
periphery of the rear end thereof, with a plurality of 
engaging projections 16d. Each of the engaging projections: 
16d projects towards the optical axis o m a: radial 
direction. . By inserting the engaging projections 16d into 
the circumferential groove: 17g, /through the corresponding: V 



cutout portions 17 the ; engaging projections 16d are 
positioned in the .. circumferential groove 17g between the 
flanges : 17d and ;17e" (see .Figure 20 ) . By ' rotating the third 
moving barrel 16 relative to the linear guide barrel 17, the 
engaging projections 16d are engaged;; with : the linear guide: 
barrel 17. 

Oh the rear end of the linear guide barrel 17, : an 
aperture plate 23 having a rectangular-shaped aperture; 23a 
approximately the same shape as : : :tiie : ; aperture 14a > • /is f ixed : 

The relative rotation of the linear guide barrel 17, 
with respect ; to the . fixed 1 ens, barrel : block 12 , . is 
restricted by the slidable engagement of the plurality of 
i engaging . projections 17c with the corresponding.: iinekirf gui^e 
grooves 12b, : formed parallel to the optical axis 6^';*-- 

A contacting terminal 9 is f ixed : to one. of the -engaging 
proj ec t ions 17 c , namely 17c J ^ The contacting terminal 9 is 
in slidable contact: with the code plate 13a, : f ixed to the 
bottom of the linear guide groove 12b' , to generate signals 
corresponding to : focal length information during zooming. 

On the inner periphery of, the linear guide barrel 17 a 
plurality of linear guide grooves 17a are formed, each 
extending parallel to the optical axis O.;. : A ^plurality of 
lead'- slots 17b, are : alsd : .;f ^ linear., guide; barrel 17 

.as ; - : shown -in Figure 15: or : 21 The; lead: slots 17 b \ are.;, eich" 
formed'. pbl iqiie' (inclined) , to the .optical sgiti$ ,o.: 



t -^r:-^^^-: in ° vin S[ : barrel'; 1 9 jengages . with^thii lnn|r : 
periphery of the linear guide barrel 17. on the inner 
periphery of the second moving barrel 19, a plurality of 
lead grooves 19c are provided in a direction inclined 
oppositely to the lead slots 17b. On the outer periphery of 
the rear end of the second moving barrel 19 a plurality of 
follower projections 19a are provided. Each of the follower 
;: projections 19a. has a trapezoidal cross -sectional shape 
.projecting ."away;. ; from ...the optical -axis; 0 ; : £$1 ■ ; a>: ' r^diap 
.direction; - Follow^ 

projections 19a. Each follower pin 18 consists of a ring 
member 18a, and a center fixing screw 18b which supports the 
ring member 18a on the corresponding follower projection 
19a. The follower projections 19a are in slidable 
engagement with the leading slots 17b of the linear guide 
barrel 17, and the follower pins 18 are in slidable. 
. engagement with . the linear guide, ^r6oves; : 16^ of the third 
moving barrel 16. with such an arrangement, when the third 
...inpying barrel ;..16 rotates, the' second moving barrel 19 moves 
linearly in the optical axis direction, while rotating. 

||>r ° f second moving 1 barrel 19, 

the first moving barrel 20 is engaged. The first moving 
barrel 20 is provided on an outer periphery, of the rear 

; theredf with a. plurality of follower pins ^24 ^ch, engaging" " 
with the Corresponding inner lead groove 19 c , and at the ? 



same time the first moving barrel 20 is guided linearly by a 
linear guide member 22 .The first moving; barrel 20 is' 
provided at the front end thereof with a decqrativl plate 41 
secured thereto . 

: • ; As shown in Figures 9 and: : 10 , the linear guide member 
22 is provided with an annular member 22a, a pair of guide 
legs 22b and a plurality of engaging projections 28. The 
pair of guide legs 22b project from the annular member 22a 
in: the /optical axiis , d i r ec t i on ; The • plurali tytof engaging- 
projections 28 each project from the annular member 22a away 
from the: optical^ axis O in a radial direction. The engaging 
projections 2 8 slidably engage with the linear guide .grooves • 
17a . : > ;The guide legs 22b are .respec tively inserted - ; into 
linear guides 40c between the inner peripheral surface of 
the first; moving barrel 26 and the AF/AiE shutter unit: 21. -. ": 

The annular , member 22a of the linear guide member 22 is 
connected to the rear of the second moving barrel 19 ; such 
that the linear guide member 22 and the second/ moving barrel 
19 are capaible of moving along the optical axis 6 as, a 
■whole, ;ahd : : In : addi t ioii are. ca^alple : p 

around the optical axis O. - The. linear guide member 22 is 
further provided on the oiiater periphery , of the .rear 'end 
thereof, with a rear end flange 22d. The linear guide member 
22 is further provided, in front of the rear end flange 22d, 
with, a retaining flahge. 22c . . ; ' % ^.6i^'tMf erexitlial groove 22 f 
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.is formed between the rear end .flange 22d and. the retaining 
flange 22c . The retaining f lange 22c! : has . a radius smaller' 
than the ; ^.ear .. : .end "flange. .22$; [ The':.re Itkihing '-['fla^g^^Wd- 
provided with a plurality of cutout portions 22e, as shown 
in Figure 9 or 10, each allowing a corresponding engaging 
projection 19b to be inserted : into the circumferential 
groove 22 f, as shown in Figure 20. 

: ; f ec °^ moving barrel 19^ isip^vided on an : inner: 

p^rip^ery of .^hejrea^: end ^thereof ' with a plurality ? of ". 

S^^^.^ 0 ^^^- n ^ : eac * Pro jec ting towards i th^ 

optical: axis a in a radial di|ection. ' ^ By inserting ; the :^ 

;1 en ?aging projections l?b\ into^the circumf e* entia^f ,^|^|; 2|f J 
through the corresponding cutout portions 22e, the engaging 
projections 19b are positioned in the circumferential groove 
22f between the flanges 22c; and; 22d.. By ^rotating the second, 
moving barrel 19 relative to the linear guide member 22, the 
.engaging projections 19b ; are engaged .with the linear guide 
member 22. With the above structure, when the second moving 
barrel 19 , rotates in the . forward or . reverse rotational 
direction,/: the first moving barrel ' . 20 moves linearly, 
forwardly or rearwardly along the optical axis O, but is 

^^^F^ted froiii. rotating, 

■ ^-.5%::^^^^^ ^yi^ i^xxelM ,,^ba^rier;v; :: 

apparatus 35 having ..barrier blades 48a ^ and 48b is mounted. : 
On an inner peripheral face of . the first moving barrel 20 



the AF/AE ..shutter unit 21 haying the shutter 27, consisting 
of three shutter blades 27a, is engaged and fixed, as shown 
in Figure 18. The AF/AE shutter unit 21 is provided with a 
plurality of fixing holes 40a formed at even anaular 
" intervals;, on the outer periphery of the shutter mounting 
stage: 40 V :6nly; one of : the fixing holes • 40a . appears in each 
of Figures 9 through 13 . 

: ^ Pt^^* 1 ^ i ^ e< ^ : ?l^?^i tP 9$ : f Qllow^r pihs 24 ; which 
engage with the inner lead grooves 19c, also serve as a 
device for f ixing ; the AF/AE shutter iiinit : 2 1 tb the first 
moving, barrel 20 The follower 1 pins . 24 are . inserted; in. 
holes 2 0 a , formed on the f irs t.. moving barrel: 2 0/ : ahd : f i>ced 
in the fixing . holes 40a . . With this . arrangement the : AF/AE 
shutter unit 21 is secured to the first moving barrel 2 0 as 
shown i;n Figure 11;. In Figure;.! 1 . the first - moving barrel- 20 : 
[ indicated by phantom lines • The - f pllpWer /?pi"n[s---2'4;" , ihiaY": : be' 
fixed by an adhesive, or the -pins 24 may be formed - as screws 
to be screwed into the f ixing holes' 40a, 

As .illustrated : ;in Figures 13 . and 21, . the AF/AE . shutter 
unit 21 is} provided ytith : the shutter mounting stage 40, a 
shutter blade supporting ring 46 fixed on the rear of the 
shutter mounting stage. .40 so as to be located inside the 
shutter mounting stage 40, and the lens supporting barrel 50 
suppbrtecj. in.' a stat€(; of j being ;. capable - of; riipvenieriftj relative 
;to \:the #hutt;er 
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.stage';; 4 6;; : : ;;the ,; lens;.; supporting., barrel 3.4 , ,; : the' ; AE ''it^tor : ^29^ 
aiid the rear lens . group driving motor 3 0 / are supported '£ 

i-^eV.shu '40;>^ 

member. 40f haying a circular aperture.; 4 Od . • The shutter 
Amounting: stage : 40 is also provided with three legs 40b which 
project rearward from the annular member 4 Of . Three slits 
are : de f i ned; be twe en the t hr e e legs 40b. Two of the slits 
comprise the aforementioned linear guides 40c , which 
si idably engage with the respective pair of guide legs 22b 
of the linear guide member 22 so as to guide the movement of 
• the linear.; guide ;mqnit>4r . 22 . • 

The shutter mounting stage 40 supports an AE gear train 
45, which transmits a rotation of the AE motor 29 to the 
shutter 27, a lens driving gear train 42, which transmits 
So^ktion of the rear lens group driving motor 30 to a screw 
shaft .43, phptointerrupters 5$. and 57., dohriected to a : 
flexible printed circuit board 6, and rotating disks 58 and 
59, having a plurality of radially formed, slits provided in 
the circumferential direction. An encoder for detecting 
whether, the rear leris group driving motor 30 is rotating and 
for detecting an amount of rotation of the rear lens group 
driving motor. 3;0: 'consists of the : .phb to interrupt^; 57 ^d^'tfte-;. 
rotating ^cii^k 59 J . An AE .rnotor encoder for. detecting; -whether 
the AE motor .29 is rotating and. for. detecting aii-.ambunt of 
Rotation of the AE motpr 29 consists of the ^phptointerTOpt.er :, ; 



56 and the rotating disk 58. 

;'' j:The - shutter 27 ; a supppr pivqtaii^ 
supportsC :.the three Jbi;ad<es 27a of : the shiitter^ 27 |> andA 

a circular driving^ member ■ .49 , which gives rotative pbwer io'^ 
the shutter blades 27a, are positioned: between the- shut teir : 
mounting^ : £t age : 40 ^d the shutter, blade; supporting, ring;' 46y: ; 
secured to the shutter mounting stage 40. The circular 
driving member 49 is provided with three operating 
projection^ 49a at even angular i n t e rva Is , , :;.whi c h 
respectively engage with each of the three shutter blades 
27a. As shown in .: Figure 1 ; 13 ; : the shu 1 1 er bl ade : s upppr t i ng ; . 
ring 46 is provided at : a f ront ^ end;- thereof ^- .with '-a circular 
'aperture 46a and wi th three : : supporting holes . 4 6b;: pos i t ioned : 
at even angular: intervals around the circular;: aperture •; 46a v ; : 
Two. d^ surfaces : 46"ci-: : ;, axe^ f pi^rtied : ori ; the, 

•put erv'per iph^ry p : f : . : . the: ; ; sh^ ring? 4 6;. . ". 

Each deflection restricting surface 46c is exposed outwardly 
from the corresponding linear guide 40c and slidably 
supports the inner peripheral face of the corresponding 
•-guide leg 22b£,;. 

The supporting member , 47 , . positioned in f ront ^ of . the 
shutter blade supporting ring 46, is provided with; a 
qircular aperture 47a, aligned with the circular aperture 
46a of the shutter blade supporting ring 46., arid with : three 
pivotal', shaf t s / 47b Jonly rone ; of which : is; ii lust rated;.-; in 



Figure 13) at respective positions opposite the three 
supporting holes 46b. Each shutter blade 27a is provided at 
one end thereof with a hole/ 27t> into which the corresponding 
pivotal shaft 47b is .inserted, so that each shutter blade 
27a is rbtatable about the corresponding pivotal shaft 47b. 
The major part of each shutter blade 27a, that extends 
normal to the optical axis O from the pivoted end, is formed 
■V as a light intercept ive; portion. All ) three light 
interceptive portions of the shutter blades 27a together 
prevent ambient light, which enters the front lens group LI, 
from entering the circular apertures 46a and 47a when the 
shutter blades 27a are. closed. Each shutter blade 27a is 
further provided, between the hole 27b and the light 
interceptive portion thereof, with a slot 27c, through which 
the corresponding operating projection 49a is inserted. The 
supporting member 47 is fixed to the shutter blade 
supporting ring 46 in such a manner that each shaft 47b, 
which supports the corresponding, shutter blade 27a, is 
. ^ n ; ? aged W ?- th .,..:^.>, C9rr : es P° ndi ??!...?^PPP?t ing hole ,. 46b. of the., 
shutter blade supporting ring 46. 

• A gear portion 49b is formed on a part of the 'outer ; 
periphery of the circular driving member 49.. The gear 
portion, 49b meshes with one Of the plurality of gears in the A 
'<* l^tio^^om th fe ; g'eW Wain! ? 

;45 . • • TheV supporting member ^47/ is provided,: it respective 



positions close to the three pivotal shafts 47b/ with thre0 
arc grooves ; 4 7c each arched .along- a .:: circumferential 
direction^ : The three operating projections 49a of the" 
circular driving :ring- 49 . engage with the slots 27c of the^ 
respective : "shut t;er . blades ' 27a through: .the ivie*" ', .arc. 

grooves 47c. The shutter blade supporting - ring 46 is 
inserted :frb^ rear of the - shutter: mounting stages ; 40- A to-; 

support the circular driving ring 49, the supporting member 
47 and the shutter 27, and is fixed on the shutter mounting 
stage 40 by set screws 90 respectively inserted through 
holes 4 6x provided 6n • the shutter blade sxipppirtihgf •ring;:-4^>^,^ 
Behind b the - shutter blade- supporting; ring 4 6 > the ' lens ' 
supporting .barrel 50, supported to be able to move relative 
to the shutter -mounting stage 40 via -guide shaf ts 51 : and- . 52 , 
is positioned v:' > The: shutter. - mountings stage;; 40 and the lens 
Supporting bar r£l ;50 are biased .in : op^>6 sit^ dilrectipns away i 
from each other by a coil spring 3 fitted on the guide shaft 
51, and therefore play between the -shutter mounting stage 40 
and the lens supporting barrel 50 is reduced. In addition, 
a. driving gear 42a, provided as one of. the gears ihbthe . gear- 
train 42, is provided with a female thread hole {not shown), 
at the axial center thereof and is restricted: to move in the 
• axial direct ion V. ;,-The screw shaft -43 A one; ..of; Whichvis-": 
v'f ixedv;^b^ : supporting barrel .50 ,v Engages .witih"7;^.K4 

.female vthre^ad.. holeV . Accordingly, the driving gear 42 a, .and 



the screw .shaft.. 43 together constitute a feed screw 
'.:rnedhanism.- ; : /. : 'I'n; : -'su^ ''inaim A2&S.^- 

;rotates . f orwardly or reversely due. to driving by the rear 
: lens group driving motor 30/ the screw shaft 43 respectively ;i : 
moves clockwise or ant i^clockwise with respect to the driving 
gear 42a >,. and theref ore the lehis supporting barrel : 50 which 
supports the rear lens group L2, mbves relative : to the .front : ' 
lenis group LI . ; ''AO 1 

: A holding: member 53 is fixed at the front of thev 
shutter ^mounting- stage ; 40. The holding ihember 53 holds the': 
motors: 2 ? and 3 0 between the holding member 53 and the ■■■■ 
i .shutter mounting s^ member 53 has a< ■" ■ 

metal holding plate 55 fixed at. the front . thereof by set - 
screws 99. The motors 29, 30 and the. phot ointerrupters 56, 
. 5-7... are 'connected • to the • flexible ; - printed 1 ; circuit board;, 6 . 
pne: end 'pf the flexible printed ; : circ:uit^-bc>4rd 6 -is , : f i>ced ''' to.\r 
the shutter , mounting stage 40. . : 

After the. first, second and third moving barrels 20, 19 
and 16, and the AF/AE shutter , unit 21 and the like: are 
assembled, the aperture plate 23 is fixed to the rear of the 
linear guide barrel 17, and, an Annular retaining member 33 
is fixed at the front of the fixed lens: barrel block 12 0 

During an assembly of the zoom lens camera of the - 
P^^ ei ^ :^^P^i?^ent , -zoom lens .barrel . unit 100 ): i^i^ci^^A 
^nslsis :;.pi,;: t&e : f i££t^p ^ecori^a^d ^ tM^d ,m6yitiig l^^tieis 16 > 



19.- and, 20, the AF/AE shutter unit 21, the front and rear 
lens groups Li, L2, etc. , is.- assembled/ ;:in adV^e^V'^S-as' a 
separate unit from the fixed lens barrel block 12. 
Thereafter, : the zoom lens barrel unit 100 is installed in, a 
hous ing o f the f lxed lens barrel block 12 i . e ; | in the 
cylindrical portion 12p, as .shown in Figure 1 or. 2. 

With/: t^^:: zo.oid .;len3 ^qaiiiefa^v'ofi-ii.the' preterit. :6nb6diinent .a 
different installing method is u^ed thah in the case pf a 
conventional zoom lens "earner:^ ; .which .\i s : , .-lfessv;- tro^resbitie 
reduces : the time necessary for installing the zoom/ lens 
barrel unit in the housing. In order to .utilize the 
improved installing method,' in' the zoom lens barrel 10 a new 
type of linear guide mechanism has been realized, which is 
un i gu e to the z o om lens; camera .of : the present embodiment f\ 
for guiding :: the linear .guide, barrel 17 along the optical 
axis, O without, having the linear guide barrel 17 rotate'^ 

With the linear guide mechanism of the present 
embodiment; no . dedicated space is- necessary 
only for the purpose of installing or: ;det^ z§pm 
lens, barrel unit 100 in, or from the .cylindrical portion %2pf 
Thus, :the size of, the zoom lens barrel unit 100 can be 
reduced ., thereby contributing to the realization > of a compact 
zoom lens camera. Such a linear guide mechanism will be 
discussed with reference to Figures 1 through 8 V" 

, The basic process of such an installing method in the 



zoom lens camera of the present embodiment will now. be 
:| discussed .;:: Firstly, : ; as : shown in- Figure, 1, - the :. zoom lens 

: barrel unit 100;is prepared in ;itsmost extended state. 
Secondly while maintaining such a state, the rear end of the 
zoom lens barrel unit 100 is brought into engagement with 
| the front , end //of the cylindrical; i portion /.12p in a: 
:■■ predetemined positional relatiohship/: as shown in Figure 2. 

Thereafter,; the whole, optical 'unit /driving ;ino tqz/zi; ^. 
-dxiy^. to;;rc^tate^ -15 ^( see,- -^6^ example ;^ 

■.•/Figure' 21> V ^^predetermined rotational -direction,:' so \ 

:. the; male helicoid: 1.6a) of ; the third moving barrel 16 engages 
■ with the female helicoid 12a. 

Since the third moving barrel 16 and the cylindrical 

portion 12p.are engaged with each other through the male and 

female Shelicoids 16a, 12a, i.e., through a threaded" 

engagement jwhen the ; third moving barrel 16 /is .brought into.:. 

engagement with the cylindrical portion 12p, it is necessary 
.for .the. third moving . barrel , ; ;^Q^*<;^t^^||SS = 
;^^ e ^^^; initial Vpos'i?:iop' of engagement ' to /an 
: ^?ag^n^ c^ of ■ 

the; Actual movable range of the third moving barrel 16 for 
zooming relative to; the cylindrical portion 12p) V about the^ 
optical axis 6/ relative to the cylindrical portion /l2p by a ^ 

?^ d * te ^ hfe ^*^ ; ^a^lyC^r^e/ : the^;;^ie/:- 

helicoid 16a and the outer peripheral gear 16b are formed on 
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': ; • . : : :y, ;/-•--• ... ; 44 •- ... ' " -. v. ■ 

..the ;third V moy i iig ; vbarfe 1/ i: ; - 1 6... : -along .a .dp^oi^ bu^^r V 
■c ircumf erent ial . surf ace at the . rear end,";of ■■ the ;^third;/:ihoying" > • 
barrel 16 .as .shown . in : Figure: 14 v > the male and female- 
hel icoids • 16a -and 12a can;. only engage with • each other ; af t er 
the third': moving; barrel 16 has been located at a 
predetermined .rotational position relative to the female 
helicoid 12a. Furthermore, the : plurality of , : engaging 
projections 17c, which : Respectively .engage, .-with t:he . 
plurality of linear guide grooves 12 b; need to be at 
respective predetermined rotational positions with respect 
to the third moving barrel 16 when the third moving barrel 
16 'shbrought'. into" engagement with the "fixed ' lens ■ barrel 
block 12. Thus the third moving barrel 16 needs to be 
firstly engaged with the cylindrical portion 12p and 
subsequently moved to the aforementioned engagement 
completion position while maintainirig. : the. af prementioned 
predetermined^ .rotational positions of ; the plurality : of > 
engaging pro jectidns 17c, with ire spec t to the thifC%ovirig 

barrel 16.. ■ . 

'bvie- .to such; : a'; striictuf e,[ in; order to y'se t ••"^he^.vzpom; • IjSns- . 

• barrel unit 100 on the fixed lens barrel block 12 at the 
aforementioned engagement completion position, while 
maintaining the aforementioned predetermined rotational 
positions of the plurality of engaging projections 17 c: with 

: - respect to:, the - third' mo it . is "nepefs^ry;£$. 
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provide a device for allowing the plurality of engaging 
Projections 17c to move to respective initial positions at 
which 1 , the plurality of V engaging ^projections 17c start 
en9aging . With the .. linear ^ide grooves 12b, without allowing 
the plurality of engaging projections 17c to contact 
anything, i.e., not being interfered by anything, until the 
female helicoids 12a have been brought to the aforementioned 
engagement completion position. In the linear guide 
; mechanism ? ,of the present embodiment, such a device is 
• provided :6n the. fixed lens barrel block 127 ' rather \naiv on 
; ; the zoom lens barrel unit 100. Contrary to the present 
en^odimeht ," if such' a device is provided" on " the 200m lens 
: barrel unit 100, the device needs to be constructed so as to 
allow the plurality of engaging projections 17c to further 
rotate about the optical, axis O relative to. the third moving 
; barrel 16 beyond the actual rotatable range used in':- an 
actual zooming operation. Namely, in such a device it is : 
necessary to provide a structure that allows the third : 
toying barrel 16 and the linear guide barrel: 17 to further 
rotate relative to each other to some . extent beyond the 
actual rotatable range used in an actual zooming operation. 
That £s/ .the device requires that the lead- grooved ^ 17b • 19c ... 
I be formed sufficiently long so as /to allow, the! thirdloving; 

reI M a ^ d: i^ e . f^uide ;,£ar r)al W,to" : : £urtte£ ' rota' t^ =: 

relative to each other, which renders 1 the zoom lens barrel 



10 to be longer and larger. 

Note that in Figures 1 and 2 the>drive pinion IS, whicti 
is accommodated in the .gear housing 12c , is not: illus trated - 
and the gear train 26, which is supported oh the supporting 
member 32 , : 7 i s not illustrated: 1 . 

v\ The aforementioried device provided : on : the fixed lens 
barrel ; block 12 i^,; constructed as follows. As : shovm : : in 
Figure 1, 3 or 6, three recessed portions 12g (only one of 
which is shown in Figure 1 , 3 or 6) each recessed outwardly 
in a radial direction, are formed on the inner periphery of 
the cylindrical portion 12p at the front end thereof such 
that each recessed' portion . 12 g connect is with a cbrresponding' 
one ;of;Vtl^ ^qr'tiori; 
12g includes : a; beveled surface: or edge: 12e The beveled 
surface 12 e is:, inclined in the optical axis direction and 
extends parallel to the female helicdid 12a. The beveled 
surface 12e connects with one of . the side surfaces or edges 
"A" of the corresponding linear guide groove 12b. The other 
side surface, .. "B" of the linear guide groove 12b extehds ih 
the optical axi s direc t ion . : The front end of : the • side- 
surface m B u extends, to the front >end of the cylindrical 
portion 12p. A front edge 12f of • each recessed portion. 12 g 
is; : r<Bc : essf"'^\ -by : a " small. ' ainpuiit' "rea^ardly^. f ±oi^ 
of t-he. . cylindrical portion 12p A;? cutout. pbrtioh 12d<is 
formed on; : the : :.front end of . the cylindrical vportlon 12p - at 



47: 



: -each position on. the front edge i2fv v X ^ectah^lar -hole 12h 
is formed in approximately the middle part of each recessed 
portion 12g thereof . 

The a " nu lar retaining member 33 (see, for example, 
Figure 2) is secured to the front end of the cylindrical 
portion i2p at least .after the third moving barrel 16 has' 
.been . engaged; with th^ -cylindrical portion 12 P ; : with! 'each ^ of 
the engaging projections 17c engaging with the corresponding 
; ; linear ^gniide groove l2h£ ;%ameiy^^ie • ^ia^retaii^iill 
member 33 is bought into engagement /with; the front end of 
the cylindrical portion 12p after the zoom lens barrel unit 
100 has been properly installed in the cylindrical portion 

As shown in Figure. 2, 5 or 7, three engaging 
projections 33a, which may respectively engage with the 
recessed portions 12g, are integrally formed on the annular 
|rej^n|||. prober 'MJ- '• ...The/ .fP^^ 
secured to the front end of the -cylindrical portion 12p 
through the. engaging projections 33a. 

In , addition to the engaging projections 33a, . the 
annular retaining member 33 is also provided with an annular 
base 33 i. : Each of the engaging projections 33a extends 
rearwardly in the optical, axis direction , from : the annular 
base 33 i so as^to correspond to the respective reclsWd " 
portions 12g . The annular retaining member 33 is further 



provided : with , a s trip^shaped plate 3 3g ;which ' is integrally 
.fprfted^on: the -aimular ..base ? 3 Sl^^rhe. fclalES 33g; : extends V in 
the optical axis direction; at .the. location corresponding to 
the. position of the aforementioned cutout portion 12k. When 
the v aririi^lar : : r^^ihihgf in^^e^.;:y33 : \ pibper ly "engages ;With .the :: 
cyl iridr idal portion •> 12p , the plat e . 3 3g lies along or : ^eq^^ 
the cutout portion 12k so as , to prohibit : the annulair : 
retaining member 33 from rotating about the optical axis 0 
relative to the cylindrical portion 12p while res trie tingr 
the movement of the aforementioned intermediate part of the 
f lexible printed ciircuit bOatd $ . .". 

Each engaging projection 33a. is provided with a; beveled/ 
surface 33b, a linear, guide surface 33c and a parallel 
surface 33d. When the annular retaining member :33; properly 
engages with : the .cylindrical portion 12p> each . beveled 
surf ace : 33b tightly ;:.contacts: the: cor responding ^beveled 
surface 12 e , Additionally, each linekf gxiide stir face 33 c 
and the side surface "A" of the corresponding linear guide 
groove 12b are connected with each other, Thus, the linear- 
guide surface 33c and , the side surface "A" together guide a 
side edge "C " of the corresponding engaging proj ectipn 17c 
in the optical axis ^direction . \ When the annular retaining 
member 33 properly engages with the cylindrical portion 12p, 
the parallel surface 33d extends parallel to the other side 
; surf ace.:. " B H [■ :/qf ' \ the. drdrf espphcJing 1 inear^ide groove :42b • .: ; \ : 



£ a< ?-^ . engaging projection 33a is further provided with a 
s.tdp surface 33f which extends perpendicular to both the 
corresponding, .parallel /surface 33d and lihear : guide surface 
33c to connect the parallel surface 33d with the linear 
guide , surf ace 33 c.' When the annular, retaining member 33 
; : ' Properly; ehgages with; the; cylindrical portion 12p, ; each stop 
surface 33 f defines the^ front end of - the : corresponding 
linear guide groove 12b, as shown in Figure 7. 

Specifically, in the state where the annular retaining 
member 33 properly engages with the cylindrical portion 12p, 
® ach • iWa^-Mfidf : surf ace;; ; }33c ; and' cheV : side, surface;, -of 
the • corresponding ^linear guide groove'. 12b aire not located in 
a common plane extending in the optical axis direction, but 
each linear guide surface 33c is slightly recessed away from 
. the .corresponding side surface - : "B" relative to the 
corresponding.; ;side surface . "A" in 'a. ^ circumferential 1 
direction of the cylindrical portion 12p by an amount "a", 
as shown in Figure 7 or 8. In other words, the linear guide 
surface 33c is slightly recessed away from, an imaginary., 
surface -A'" that is located in a, common plane in which 'the 
side surface "A" of the corresponding linear guide groove 
12b . is locate< * • Therefore > . the width of each., linear .. guide 
groove 12b is slightly wider at the : front end thereof, where ^ 
..the linear guide surface 33clis provided, than the Width of > 
5 emai ^?v P a ^ t' :the : ' linear guide groove^ 12b ■■■■■■ vThe' 



reason why the linear guide" surface 33c is recessed in sudh 
a manner will be hereinafter discussed. 

Each engaging projection 17c of the linear guide barrel 
17 moves forwardly while pressing against the side surface 
"A" of the corresponding linear guide groove 12b when the 
zoom lens barrel 10 is driven to advance. For this reason, 
if ; any of the linear guide surfaces 33c are: formed closer to 
the corresponding side surf ape "B • .than . . tlje : :fs ide surface; "AT 
pf • ^ linear guide • girppyfe 12^ 

cor re spondi ng imaginary surface A ' : *" duetto an ; ■ ertbr; •'••in -'a 
molding process of the annular retaining, member ; 33 or ; thev 
like,:, the engaging projection 17c, that engages VvitK ; -*tfi^ 
linear guide groove 12bi;:: ihd luding such : a 1 inear guide 
surface 33c, cannot; smo^ side ^SUrf ^e---'' ; 7l" : . 

to the adjacent ■: linear, guide / surfaces 33 c '. J : ;ln: brder: :tb- 
prevent the occurrence ; of such; a problem; each - linear '•• guide 
surface 33c is formed in such a. manner as noted above ;i •; .e 
recessed by. the amount "a". Owing to such a structure, even 
if : any: linear guide' surface '33 c 'vshould -he - formed^ slightly: 
closer to the corresponding : side surface B " : due to ^a : : 
manufacturing 'error, . since each linear guide surf 
already made such as to be slightly recessed away from the 
cdrrespp^dihg • si.de i;surf ace;-..; -^he - af pr^entiqn^. .probieiti 
dbes iiot occur ./ -Although each lirieax; guide - ^urfade: v33'c'&hd 
the. side surface A w : m of\;;.the .^'corresponding : 'l inear^ .guide 
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.groove 12b are not located in a . common plane extending in 
the optical axis direction, a problem "■' similar, to the 
.. ^aforementioned: problem dp^s ^ -.ndi^bccuf ^en- th : .e : . zob^-lien^' 
barrel 10 Is driven ;to , retract back to the camera body. 
This is because each engaging projection 17c of the linear 
guide barrel 17 moves rearwardly while pressing against the 
side surface "B" of the corresponding linear guide groove 
12b when the zoom lens barrel 10 is driven to retract. 

: T •: ^ engagirig : claw 33h is integrally ..formed on an outer I 
surface of each engaging projection 33a. The engaging claws 
3 3h respectively: snap. into, thevrectknguiar : holes 12h when;- 
"the annular retaining member 33 properly engages with the' 
cylindrical portion 12p. An engaging projection 33e, which 
extends rearward from the annular base 331 in, the optical 
axis direction, is formed on the annular retaining member 33 
at a .position, on an outer surface of each engaging 
projection 33a. The engaging projections 33e respectively 
-engage ■ with the cutout portions . - lid. when the anrjulair^ 
retaining member 33 properly engages with the cylindrical 
. portion :12p. ; . 

According to , the linear guide mechanism having the 
structures as noted above,, the zoom lens barrel unit 100; can 
be installed in the cylindrical portion 12p in the . following I. 

■^f^: . ^^^^f^^ t &^°^. :lens>- parrel/ uni t ' 100. : KaJ' ; ; ' 
been . assembled ; ^e zobm.leris b^^4irunit lOpl -^rendered- : infV: 



.52 • • .• 

its most extended: state,:, is prepared. Secondly, while being 
in • such, a state, the rear ;: end of the zoom lens barrel^ unit 
100 is fitted in the front end of . the inner periphery of the 
cylindrical portion 12p with a predetermined positional 
relationship. That is, the angular position of the zoom 
leiis: barrel; wit ^l 

is predetermined when the rear end of the zoom lens barrel 
unit 100 engages with the front end. of the inner periphery 
of ; the ;cyli^d^ical port ion: 12p> v. ; - : : Thereafter'; :. . th£ : whole 
optical unit driving motor 25 : i s actuated to ^ot^jt^K't^'; 
drive pinion .15 by several degrees ; in. a > : direc tion to - ret^raq t- : 
the third ' moving barrel . 1 6 into the ' cylindrical portion 12p . 
The rotation of the whole optical : unit driving motor 25 is 
,tr^smitted.: ; to the; third 'movirig . barrel;;,! i5. through -the .geeLr;; 
train 26, the drive pinion 15 and the outer peripheral gear 
16b, thus making the male heli.cpid 16a rotate relative to 
the female.: heiicoid 12a to thereby retract the third moving 
barrel 16 to the front extremity of the actual movable rarige 
of the third .moving barrel 16 f or zooming. : iburiiig, the 
retraction mo viement of the third moving barrel 16 up to . the 
front extremity, the linear guide barrel 17 remains located 
at a specific rotational position with respect to the third 
moving barrel 16, since the zoom lens barrel unit 100 is in 
its most extended . state,; and because : during, the retraction 
movement of ; the third, moving . barrel;; 16, each engaging 
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projection; 17c ; passes through . the: corresponding! iredes^ed 
portion 12g to engage with the corresponding -linear guide 
grooves 12b, as shown by phantom lines in Figure 6; 

After the third moving barrel 16 has been ' retracted to 
the , front extremity of the actual movable range, of the third 
l^oving ^barrel;: 16 ;;fbr-:zpomihg; iriliuchWa fanner £aW*'n$&# 
above, if • the whole optical ; : upit driving motor 25 is 
actuated to further rotate the drive pinion is in a 
direction to retract-the third moving barrel 16 into the 
cylindrical portion 12p, the male helicoid 16a rotates 
relative to the female helicoid 12a to thereby retract the 
; third moving barrel 16 into the cylindrical portion 12p. At 
the same time, the first and second moving barrels 20, 19 
retract into the second and third moving barrels 19, 16, 
respectively, due to the mechanical structure for driving 
the f irst ' :; : ;^^cbhd. ; ;.and third moving barrels in a 
predetermined relationship . Consequently, the zoom lens 
barrel unit. 100 grooves into its. most retracted state' and is 
accommodated in the cylindrical portion 12p. 

According to the linear guide mechanism of the present 
embodiment for guiding the linear guide barrel 17 along the 
optical ; axis ^without rotating the linear guide barrel 17, * 
the aforementioned device (which allows the engaging 
projections 17c to move to. respective initial positions aW 
yh f C ; h ^ e . engaginig .-pro j ec ti^s ; 7c s^art : ehgag : ihg ■ wi th ;the; • 
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linear guide grooves 12b ■,■ wi thou t .the engaging projebtipn^ 
17c contacting anything/ until the feirjale Wlicdids 12a h|ve 
been brought up to the aforementioned engagement completion 
position) for installing or detaching the zoom lens barrel 
unit 100 in or from the fixed . lens barrel block 12 is 
provided on the fixed lens barrel block 12, not on the zoom 
lens ., ;: -^rreL-:'-uni-t 100, which advantageous ly does • hot 'rendier 
the zoom lens barrel 10 to be longer and large!:. 
Furthermore, the recessed portions 12g are used not only for 
in s t a 1 ling or de t achi ng the zoom; lens barrel, unit : 10:0 in - or{ 
from the fixed lens barrel: block 12, but also for forming 
part "of uhe linear guide" grooves 12b" after "the" annular 
retaining member 33 has been secured to the front end of the 
.cylindrical portion 12p. Accordingly, it can be understood 
that the recessed; portions 12 g are : space-eff icieritly' formed 
on :the front, part .;of- the cylindrical portion 12p, Which 
contributes to:; the .realization of a . sma 11; and . compact zbdiri 
lens barrel. 10 . : / : H ;•'/; 

Another feature of the linear guide mechanism of. the 
present embodiment will be hereinafter discussed mainly with 
reference to Figures 3 and 23 through 29. 

This feature of the present embodiment concerns one of 
the plurality of linear .guide grooves 12b, namely theii linear 
gUi<3e '^gtooye •12^1 and' : pne^-of vtheCp^ enga§ing : 
: ;proj ect ions > : 17 c (^hich; engages . with; • the : ; linear -/guide ^gr bbVfe 
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i * 2b f ' namely ; the engaging; projection l7ci; As shown , in 
Figure 23 or 25, the engaging projection- 17ci is formed 
having an »M» -shaped outline so that the engaging projection . 
17ci d ° eS n0t int6rfere With two Projections 12a' formed on. 

: a bottom. °f>the : linear guide groove 12bi/ ^AsVdan ^ seeW 

;Vfr om '^ 

the female helicoid 12a. . 

As shown in Figure 25, pother one of the plurality of 
linear guide grooves 12b, namely the linear guide groove . 

: :^ 21 X' /- n -|^° th ^ . : ' & ■ , ^ he ■ Plurality : ; : :pf. { en^ing^ 
projections which engages with the linear guide groove 
12bni/ namely' the engaging projection' i^Cfare not'formefS 
having the aforementioned features of the linear guide 
groove 12bi and the engaging projection 17bi. 

Strictly making; - the engaging projection 17ci engages 
^ with ;'^;;iinea^ 12bi-.|h aj|n|)||gij ; 

engaging projection 17ci p^ f±om t he 0 ptical 

axis O by a length -f (amount of engagement), measured in 
a radial direction from the. .root, of the female helicoid 12a 
t9 ** e ? ^ P the en sraging projection l7ci/as shown 'ih: 
Figure 25 or^S. . The tip of the engaging projective! 
does not contact; the bottom of .the.; linear guide ^groove; i2biO ;: 
Reference -w- shown in Figure 25 or 28 represents thewidth ^ 
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pro jection 17ci . : A line connecting Jxl " with; "xl " ( line xi- 
xlj is identical;- to the width of the engaging projection 
17c i; ; D w ' " > r which . is ... subs taritially- the^same: as :; : thej width of ; 
"the "': lihea^;^ Jf?bi . 

HOn the other hand, the engaging projection 17cni 
engages : ; wi th; the : 1 ihear :: ; guide: . g^oov^ .-.suchvg 
that the tip portion of the . engaging projection 17cni: 
pro j.ec ts into ; the linear ; guide groove 12bni by .a length " t" : v 
(amount of engagement ) , measured in a radial direction from 
the root of the female helicoid 12a to the tip of the 
engaging projection 17cni, as shown in Figure: 25 i The] tip 
; of the - eh ectipn' 17crii ; : does: ; not v reach ' the bottom 1 ; 

of the linear guide groove 12bni. The length "t" is 
substantially the same as the aforementioned length * t 1 . 
The engaging , pro j ection 17cni has - substantially the same 
mechanical ' strength as the engaging projection 17 ci . 
Ref erence "w" shown in Figure 2 5 represents . . the : width: of ; the. 
engaging projection 17cni . Reference "x2^ shown in Figure 
25 designates a corner of the engaging projection 17qni .* A 
line connecting "x2" .with "x2 * (line x2-x2 ); is identical tor 
the width of the engaging projection 17cni "w" , v/hich is 
substantially the same as the width of the linear guide 
groove 12bni. Since the lengths "t" arid M t 1 ■ are 
.. substahti the ;Cprh^s' : *xV Y ' • 'xii" .a^nd; ?>c2 n . ; ; ah* 

"*2 * aire ' : substantially located : bn a coinmbn circiLe (not 



shown) about the optical axis 0. In ; other ■ words ■;" in Figure 
25 , the . three; points • .;• i . e . /- the corners "xl xl V and th4 
; optical ; <3iXis : : Q ;:'andv : ;.anp.theV : 
three : point sv i . e . the corners n x2r , *x2 " and the optical 
axis 0 forms another isosceles triangle. The bases of the 
two isoscel^V triangles ;each touches a common, imaginary 
circle cc about the optical axis 0. Due to tiKis 
arrangement, the bottom surface of each of the linear guide 
grooves 12bi, 12bni extends in a plane perpendicular, to a 
radial direction of the cylindrical portion 12p. Another 
conunon , imagina (not shown), al^ut t^ 

. 0 , : : wi th whi ch ; th e ; c prn e r s , on , ; th e bottom of each linear- guide 
groove ;i2b come, in contact, is slightly larger than th^ 
c pinmoh '•; imaginary circle cc but is subs tahtially : the same as 
the common imaginary circle cc since the tip of each 
engaging projection almost touches the bottom 
corresponding linear guide groove 12b. 

Th^ aforementioned other feature, of the linear guide 
mechanism is that the part of the outer peripheral surface 
of the cylindrical portion. 12p> which is located at tHe 
position, opposite to the bottom of the linear guide groove 
12bi, can : be formed to be a flat surface extending parallel 
to the: bottom surface of the linear guide groove 12bi. This 
feature will, be hereinafter discussed. ,- 

-The : linear guide barrel. 17 : does not- rotate 'with respect 



to the fixed lens barrel block 12. However, since the third : 
moving barrel 16 rotates relative to the /linear guide barrel 
17 , the rotational . force of the third moving barrel 16 : is 
t ransmi t ted from/ the : male : : helicoid 16a; : tov. the/ female 
helicoid 12a, and as a result, the linear guide barrel 17 
moves : linearly /along : ;%he/^tica^;:^±s : : : - O .Whil e •< zee eiyin^;ithati::- ; : 
rotational force at the engaging prp^j ections ^ T^cf ^l^b^i^rlx^ * 
linear guide grooves. 12b. Therefore, if the aforementioned 
amount of engagement "t" or "t ,M of each engaging projection 
17c is too short and /or the width "w" or "w' " of each linear 
guide groove 12b is tdo narrow, /the; engaging pro j ectiohs 17q ' 
may disengage from the respective linear guide grooves 12b , 
when . the linear guide barrel 17 moves / linearly along /the , 
/optical ;axiS;/0 . .. However , such a problem does not occur if 
the amount of engagement u f or "t ,w of . each engaging 
^projection 17c and the width H w" or "w ,w of each linear 
gpiiide groove 12b are designed sufficiently large . 

As can be understood from Figure 27/ the larger ; the - 
width of the linear guide groove 12bi ( the length of the 
line xl-xl), the closer the line xl-xl comes, to : the 
optical axis 0. That is, the wider the width of the linear 
guide groove 12bi^ the closer the ; line xl-ocl comes to the 
optical axis 0 than the line x2rx2 For this reason/ the 
.thickness ;of ,the cylindrical" portion at' tfie portion 

. thereof where the .1 inear guide groove 12bi is • .formed . yiii 
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CLAIMS:- .. 
Aliens. barrel comprising: • 

a barrel provided oh an inner periphery thereof with a 
linear, guide .groove extending in a direction of. an optical- axis 
of said lens barrel; and 

an annular member arranged concentrically with said 
barrel/ said annular member being provided with a follower for 
engaging said linear guide, g r op v ie s6 that ; : s a i d- Sail n u la r : • memb e r 
is : guided along said optical axis without rotating about said 
^optical : ;.axis • relatlvie.: to said barrel, 

wherein a substantially plane surface is formed on an 
outer periphery of said barrel, radially outwardly of said 
linear guide groove. 

2. A lens barrel -according to claim 1 wherein .said, linear 
guide groove has a planar base :ext ending in . said direction of 
said optical axis and perpendicular to a radial ^direction of 
said barrel, said plaice surface being formed parallel to said 
planar base ^r- 

^V;:;-y -The;>;"len^ i^o): :-f ur 

tQmprising^ : XC ^ ; *f«":- . ' :,; •I^'fe^l ^ : ~>' ' yJi^P- V^r^-^ii^ 

v r [a . . .first. ;•" t-H r e a& /fotihed ; ^ on . Js$id :: A 



•.barrel :.s6 -that- said linear; guide; groove exfc 
first'' thread; 

a rot at i ona 1 ba rr e 1 positionable between said- barrel and 
said . annular member and provided with a second,; thread, for 
■v^ s W n 9(^ ith ', saidjfiirst thread so ; that, -said;, rotational barrel 
.is movable along :. said optical axis while rotating about said 
•optical axis relative to said barrel; and 

• at least one ..projection formed at : a . base^of said- li 
guide groove,? said at -.least; one projection engaging with said: 
■ second .thread; so. as to function as a part of said fir it thread. 

4. A lens barrel according, to any one of claims 1 to 3, 
wherein said follower and said linear . guide groove are each : 
formed to- have .a^width; greater than 'a . -pr ede t e rmiried minimum 
width and a height equal to a predetermined minimum height. 

5. The lens barrel according to claim 3, wherein said at 
least one projection is formed substantia^ ' a-- middle;; of 
said linear gyide groove in a circumferential direction of : said 
barrel. 
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becqme greater .than that at the portion where /the linear 
guide groove 12bni is formed in the case where : the" bo t torn of 
..ihe linear guide groove 12bi is? formed so as .to almost touch 
the tip of the engaging projection 17ci as noted above. in 
such a case, the thickness of the cylindrical portion 12p at 
the portion thereof where the linear guide groove 12bi is 
f o^ed -^li: be thicker than that at the ; pgr t i on -^where the i 
linear guide groove 12bni is formed by a thickness "y", As 
shown in Figure 27. References "LI" and .-L2" represent the 
;•; length f torn \ the bottom of ; the ; -linear g\xide grboVe :l2bi tb' 
the outer periphery of the cylindrical portion 12 P/ and the 
■ length from the bottom of the. linear 'guide', groove 12bhi tb: 
the outer periphery , of; .. .the ; . cylindrical portion : 12p, : 
respectively. The thickness "y- is equal to the difference 
between lengths °L1" and "L2 n (Ll-L2=y) . 

In the present embodiment, as illustrated in Figure 28, 
the portion of the cylindrical portion 12p which forms the' 
bottom of the linear guide groove 12bi is formed to have the 
same thickness a? the portion of the cylindrical portion. 12p 
where the linear giiide groove 12bni is formed, by cutting 
off part of an outer; layer, of the cylindrical portion 12p by 
an ainpunt corresiponding to the thickness ["y n i . By so 'doing, 
the part of the outer peripheral surface of the cyl.indricai 
:??r|ipn : 12^^^^ at/the^posi^ion^ 
the_ bottom : o£ the linear guide: groove 12bi;. is.;'f oi^d:: tb be 



ia : f 1 at . : '3ur fape' : '' : 12x . ex t ending : p>ar ai 1 e If: tbj' the . hot tpth : sur f £c£ : ' 
of ■ the ' linear - , guide : : groove 12biv . . •■ 

y;.-y. :'; The.; ;f l^t- / sur f ^ iimediat^ly : ;nexfet^^^^ 

fiatt surf ace . PT1 , : :.o'f :a; wall ET^. form FC of 

the zoom - lens; camera of the present; embodiment . The wall PT 
is secured to the fixed lens barrel block 12, and the flat 
surf ace. PT1 extends parallel to the flat surface 12x. Since 
the flat surface 12x is formed by cutting off part of an 
outer layer .of . the cylindrical por tion ■-. 12p in such, a i^er 
as noted above , the film chamber FG is successfully located 
closer^ >::tp the ••■ cylindr iqal : ;ppr t ion . l2p towa^ 
axis: 0, ^by the amount ^corresponding to the • aforementioned : 
thickness^ "y" / which contributes to the: minimization: of the - 
size of the zoom lens camera of the present embodiment, 
particularly, : in ;the : : width. :;pf : the camera; . . This ef fective 
?-s-truc ture.; .toiminimizeo^the .;; width/ of >t^ 

be appr ec i a t ed ; by : c bmpar irig ' ; ap;- ; ^i.S' t a^'pe :: "kr; -from .the ; ppticSil ; 
axis 0 to the flat surface 12x with a. distance "R" from the 
optical ;; axis 0 to an outer peripheral v surface of the 
: cyl ihdrieal portion 12p on which the flat -surface 12x is not 
f ormed, as shown ..in Figure 29 - The distances , ^H" and; " fl- 
are also illustrated in Figure 25 . The front and rear of 
/the^zbpm ''lens bamefa pf : the- .present •; e^oliijii^nt-- : r4speQ^y;^iy' 
; epfr^spond . to the ." up..- and i dbwn : ;;.as\ VieWadU in Figiire : 2$% , 

;Ih the zoom ,lens camera of :the present -embodiment , .the 



.aforementioned another feature; of the linear; gtixde inechariisrh 
•is adopted to the linear .guide groove ;L2bi and the engaging 
^projection. 17bi , However, such a feature-may be applied to 
any other linear guiding groove and engaging projection 
which ''engage*, with each ottierV " " 

In ■ the above-described embodiment o f the zoom lens 
•-; ^^el io / : ^itHbugh^ 
two movable lens groups, namely the frpnt/lens : ;.gidup\M\-M<l- 
the rear lens group L2, it should be understood that the 
present invention is not limited to the present embodiment 
disclosed above, but the present invention may also be 
applied to another type of zoom . lens optical, system 
including one or more fixed lens group. 

In addition, in the above embodiment, the rear lens 
group LI is provided as a component of the AF/AE . shutter 
unit 21, and the AE motor 29 and the rear lens group driving 
motor 30 are mounted to the AF/AE shutter unit 21. With 
such a structure,, the structure for supporting the front and 
rear lens groups LI and L2 and the structure for driving the 
' n C^?^: %^- h simplified. Instead of adopting 

such .a structure, the zoom lens barrel 10 may also be 
realized in such a manner by making the rear lens group L2 a 
member separate from the AF/AE shutter unit: 21, which %si 
: : :S^°y$^ ; m^w* t ing* vS tkgk ■ ^p\t^^c£^\il^0^ 

: ^^^Zy™^ftT 4?, $he su^o'rti.ng '^^er 'Wr :i^£er ^ 



bladfes 27, the shutter blade supporting ring 46 and the 
like, ithd that the rear lens, group L? is supported by any 
supporting member other than the AF/AE shutter unit 21: ' 

In the zoom lens camera of the present embodiment -, the , 
operation^ by rotation of the ; whole, optical : : unit drivings 
motor 25 and the rear lens group driving motor 30 will now 
be described with reference to Figures . : i7 , 18 ; , . 19 ^and 20 . ?. 

: \. i:As ^hown in Figure 18 or 20, when : the zoom 1 ens barre 1 
10 is at the most retracted (withdrawn) . position; i .e. , the . 
lens-housed condition, when the : power; switch is turned; ON > :v 
the /'whbie- optical unit ;: driving ■ niptor. 2 5 is driven to f6feate : : 
. its.. ^ • forward rotatiorial: ;^diri^ti<^^^\^ ; 

small amount. This rotation, of the motor 25 is transmitted 
to the driving pinion 15 ••through the ; gear train .26, . which is ; . 
^upport^d by; the : supporting - ^m 3 2. ; f ormed ; integral: -^ith; 

; the f ixed : : lens - barrel block 12, to thereby rotate the third 
moving, barrel 16. in one predetermined rotational direction 
to advance f orwardly along, the optical axis O. .Therefore, 
! v the second moving, barrel ,,19, and the first moving barrel 20 
/ : are each ' advanced by a small amount:: in : the; • .^pt■iGal y ^■:;.^^ : 5.s: 
, dlrectipn./- along with the third, moving: barrel :> 16 - 
Consequently , the camera is y in a state capable v ?t 
photographing, with the zoom lens positioned at the Widest 

■ } - positibh ^.i . ^-^^^'^^^ . 
fact, that the amount of movement 5 of the linear = guide barrel 
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relative slide between the code plate 
13a and the con tad ting t terminal 9 , , the focal length 6£ t£ie 
zoom lens barrel 10, i.e., the. front; and rear lens groups LI 
'arid'L2',' "is detected. 

In the photographable state as above described, when 
the aforementioned zoom operating lever is manually moved 
- t6ward|; a ; " t el^ side, or the : " tele - zoom button is -manually 
depressed to be turned ON, the whole optical unit driviiig 
motor 25 is driven to rotate its drive shaft in the forward 
rotational direction through the whole optical unit driying 
.motor controller 60 . so. that ,. ...the ..third . .moving barrel 16 
rotates in the rotational direction to advance along the 
optical axis 0 via the driving pinion 15 and the outer 
: peripheral .gear 16b. . : Therefore, the third moving barrel 16 
is . advanced from, the fixed lens barrel- block 12 according;to 
.relationship.; 

male helicoid 16a. At the same time, the linear guide 
barrel 17 moves forwardly in the optical axis direction 
together with the third moving barrel 16, without relative 
rotation to the fixed lens barrel block 12, according to the 
■^®*^M^ S ^P ■■P^P^f^ Tl ' 1 th6 engaging jpto j ectiohs : i7c ; knd- : '£&e *' : 
linear guide grooves 12b. I At this time, the simultaneous 

f6llow^ : pin^ 16 : with, t^e respective* 
slots 17b and linear guide grooves 16c causes : the second 
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moving : barrel .1 9 ■■■to ; move . f orwardly relative -to -V th^ third 
moving barrel • 1|6 • in,/- the optical axis • direction, . while 
rotating together with the third moving barrel", is in the 
same:" rotational direction r e 1 atiye: to - the; ;: f ix^'id l^hs barrel 1 
block 12. The first moving barrel 20 moves f orwardly from 
the s econd moving barrel 19 in the optical axis direction , 
together with:/t^ 

rotation to the fixed lens barrel block 12, due to the 
above -no ted structures in which the first moving barrel 20 
is guided linearly by the linear guide member 22 and iri 
which the follower pins 24 are guided by the lead grooves 
:19c-. During such movements ; : according .to the : f acti: tha t the- ; 
moving position of the linear -guide; barrel 17 with respect: 
to .the fixed, lens barrel block .12 •• is detected through the 
relative slide between the code plate 13a and the .contacting 
terminal 9, the focal length set by the zoom operation 
device 62 is detected. 

, JvGo leyer -iis.; maiiu^iiy 

moved towards a "wide" side; or the "wide" zoom button is 
manually depressed to be turned ON; the whole optical unit 
driving motor 25 is driven to. rotate its drive shaft in the 
reverse rotational direction through the whole optical.: unit 
: driving xmotqr controller ,60 so that.. the . Uii 
. 16:: rotates ^ in -the rotational direction' to ;retract/iist 
fixed lens 'barrel -block 12 together : with rthe. linear g^ide. 
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barrel 17. At the same time, the second moving barrel 19 is 
retracted into the; third moving barrel 16, while rotating in 
;:;; ; t jie<f same • :direc tioh, as'-; that ;:of : ^the; t£ird moving[barrelVl6^ 
and the first moving barrel 20 is retracted into the 
rotating second moving barrel 19 together with the AF/AE 
shutter unit 21. During the above retraction driving, like 
the case of advancing driving as above described, the rear 
lens group driving motor 30 is not driven, 

:>Jhi l.e : the zopiti ;len^ barrel •, 10 ^is.'^driven^ ^ringA'the: : 
zooming operation, since the rear lens group driving motor 
.3.0 is ..not driven, the front lens group LI and the rear lens 

between each other, as shown in Figure 17 or 19. The focal 
length input via the zoom code plate 13a and the contacting 
) germinal 9' is; indicated on an. LCD panel- (not shown) provided, 
on. the camera body.. .' . . 

At any focal length fset by the zoom operating device":: 
62, when the release button is depressed by a half -step, the 

°^^ect distaiice measuring, apparatus , .64 is., actuated to 

measure a current subject distance. At the same time the 
photometering apparatus 65 is actuated to measure a current 
subject brightness . Thereafter, when the release button is 4 
.fully- depressed^ the^wiioie optical uhit^driviiig nrato|!25" ahoV 
the rear lens group driving motor 30 are ; ^each dr iyeh: by ; . 
respective, amounts;, dictated; according to ;the : focal 'length 



information , set '' In ; advance . arid the; subject- distance • 
information ' obtained . frbm the object ^ : distance measuring 
apparatus 64 ,', so that the front and rear lens groups LI and- 
L2 . are respectively moved to specified positions to obtain a : 
specified focal, length to -thereby bring : the subject;: into: 
focus . : : : Immediately after the :: subject is -brought into focus; : 
via the jiiE m<>t6r : ; controller 66 V the AE mo tor 29 'is: .di/ : iyen/ ; tbV: 
rotate . the circular driving member 49 by an amount 
corresponding to the sub} ect brightness information obtained 
from the photometering apparatus 65 so that the shutter 27 
is dr;Iy 0n : . to ; : open the ..shutter:; blades -27 a ' by a ^specified'"; 
:ainount: ,which^sat i s f i e s ; the /required .exposure. Immediately: 
af t er s uch a ; shu 1 1 er i: el eas e opera t i on ; . in .which • the .;;three : 
shut ter blades 27a - are. opened and:; subsequently ' closed ::is : 
completed, the whole op tical unit : drivings motor,: 25: and. the 
r ear "1^ : 3 0 are both driven to move the 

front : lens .group LI ; and the. rear :. lens group L2 to the 
respective initial positions at: which :~they were at prior to 
•a. shu 1 1 e : r|! r el: ea^ e V ; ; :;4 /. ;Vt • ;'• S"S?' m \"'- ■ . : °' ":■ ■ K ■. 

In the present embodiment of the zoom lens barrel 10, 
"Fantas Coat SF-6" is used as the coating 72e. However , a 
different type- of .. coating may be used as the coating 72e as 
long ; as it , is waterproof, and makes the circular :> abut'ting 
.'surface . 7^ £p^ : ibrni; ' s\ipbs t ^Itiai £y : : gap; 

between." ::^he\^ci^<:.u.lar : , ; abutt ing : : surf ace; :: V.72b .^nd-V- the - 
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circumferential portion fp. 

Obvious changes may be made in the specif ic embodiments 
of the present invention described herein, such 
#bdif i^ation .the- A. ^ y$f.-;^4: 

invention claimed. It is indicated that all matter 
•contained herein is illustrative and does -not limit, the 
•scope of the present invention; 



